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\

The purpose of tiis biok is to provide a convenient reference gource in the field of environmentai
engiveering, JUcontains up-to-date gelentific and technical information and projects the state-of-the=-
w11 as far as possible into the futare. The book is intended for use by p-rananel of the United States
Air orce and supporting industry in the areag of: preliminary vehicle design; maaterials application;
component, equipment and subsystem esign and development; and celiability aul ervironmental
testing. A secondary pnrpose 'y to provide a gencral text for use by colleges and universitics, with
the hape that at least one course in environmental en ineering -will be giveu, and tha. cvontually o
cona. e oercee will be oifered in this field. It i8 also hoped that this hook will inepir: the davelon..,
mem of texte in each of the various areas covered. - e )

This report was sponsored by the Environmental Division, Engineering T'eft Directorate, Deputy
for Test and Support, Acronautical Systems Division, Wright-Patterson Air Force Base, Ohio as -
Project No. 130¢, Task No. 61565, under Comract No. AF33(616)-6252, The veport was published
Nevember 1961 15 ASD Technical Repurt TR 61-363. 9\9'9’ ¢S '

-— v

: During the preparation of the report, E. I, Theiss, of the Environmrental Division, Engiveerine

. Test Divectorate, Depuly for Test and Support-aeronautical Systems Division, acted as Chief Project
Encincer, and "arry Mileaf ot the Techuical Writing Service Division, McGraw-Hill Book Company
was the Project Mawvuger, .

CAE i

Tor the Technical Writing Service Division, McGraw-Hill Book Company, D. Cohen, F.Egarand
W. harun acted as Assoclate Editors. Throughout the project, the editors h the active and helpful
pariicipaison of gnoject engineers G, F.o Arther, Upper Atmosphere Physiclar, R. Haokey, Chief,
¢ riteria Catt, and J, R, Mllfilron, Nuclear Engineering Physicist, each with the Environment p! Divi-
sion. In «lditicn, the following persounel of Aeronautical Systems Divielon reviewed 2nd commanted on'
varisus gertions of the handbook as it was developed: C. W. Douglas, W. S, Osborne, C. Versls,
¥. . Momwe, C. A. Golueke, E. A. Tolle, F. R. Ebersbach, Dr. A, E, i’rlnce, D. <, Yennard, C. W., |
Gothardt, Dr.J. P. Allen, M, P. Ornstein, D. L. Earls, and C. E, Thomas,

R irdretd

T

7 A

' ause of space limitavions, it is impossibie to credit by name all of the individuals and organiza=-
tioas that srupplied material or information, However, In cases where the editors drew extensively
on the wo-% of an individual or organization, specific credit 13 given, ’

.
*

v
P!

A

Of particular value was the material sisplied by the following expert consultants: John Cam- .3
marata and John Regazzi, Arma Divigion; G. Chernowitz, American Power Jet Co.: K. A, Ehricke, S
Copsir Astroroutics, and Charles Eiwen, American Machine and Foundry Co. ;ir, Ehricke supplied 5~
the irnsel data for the Mission Profile portlons of Chapter 2, Mr. Eiwen tlk.- "atafor the Environ- A
me o]l Analveis scetion of “hapter 4, Mr. Chernowlitz the data for the Operational Analysis section l’}‘u
 f Cla tor 4 and the Test Procedures section of Chapter 6, and Messrs, Commarzia and Regazzi ihe t"'_)-
Cat. Lot (be Test Pacilities section of Chapter 6. : R,

__— |
¢ ) \'.» - ,:--.\
COPYRIGHT CREDITS RO,
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Ceriain peon tions of the handbook arc copyrighted by organizations listed nder PEFERENCES near 5 S
ter g f et empter and arhTeprocuced with permicsion of the respective ccpyright owneprs, An oL
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| i : As flight vehicle syst-ms and their ground au?port equip- e
oy S nicnt become Increasingly complex, the n=cd {or envirmm- '.;fk ~
¥ b mental engineerbig at ail levels of system design becomes aeo N
W - :L ) more acute, New epvironmems are beln encountered, and el 2
: il 3 stiil newer oncs will be coming more probler2atical na more . -
' ‘1-" advanced flight vehicies are developed. As a result, an o
Cokg understanding of environments and environmentsl englnenx- v
- : ing is mandatory {or the design of reliable equipment, .
- i - ‘. "
R PO This handbock presents to the designer the many facets of -
TR ) environnmental engineering as applied to flight vehicle sys- ::
L, ) terms and their support equipment. The entire gamut of en- r
T virominents, both natural and Induced, as well as their ef- .. - - :
: £, fc< ts and methods of protecting against them are discussed N .
v S indntail, The environments are considered both aecparately, o k.
AN S and, where the preeent state of the art permits, in various r
SR ; con blnatlons. The importance of an oenvironmential and an N
O L] vperational analysis during preliminary system design are t
AR alsu covered,
‘< ' b
o 1‘ ! B !
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: ﬁ‘ ' Ly uie Air Force of the nndl ngs or concluafons contalned :
i Eio herein, Itis published only for the exchange and stimulatica },
R of ideas. - ’
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For many years there has been an urgent need for an
authoritative reference source in the field of Environmental
. Science. As the {ield bis progresged from an undisciplined
testing activity to a well documented acience, 3 weelth of
informaticiion its various facets has been develuped by both .

aibiiary and clvilian activities. Unfortunately, this infor-
mation has been contained !n widely scattered reports, *
symposia and proceedings. The tusk of bringing this infor-
mation together into one source has been under-taken and
performed by this handbook. The Institute of Environmental
Sciences has reviewed the material presented, and is csr-
tzin that it will perform a much needed service in che ficld

of Environmental Science. o,
]

willlam L. Vandal -,
President 1960-1961
: Institute of Envirormenial Sciences

~

K. C. Jones
‘President 1959-1960
Institute of Environmental Sciences

,

. Raymond G. Yaeger
* Publications Vice President -
Institute of Environmental Sciences

w’

e e LR

X T w

- A

-.'y_.*-h.._-,,(-‘\.',-_~

'.1_,; mi *‘~vu
it .1':.1.

e
B
whhe
‘\
- -~
AN
et X
- tiaaw ”
o
N
=
&
N
[
F\
k.
S
o
. i
- .
v
\
" R TEE
g { M



- [ ~

- TABLE OF CONTENTS

Chapter 1. Int-oduction

; ' : Tage

History of Fnvironmemal Bogineering., . . «-a o o 0 0 4 a-e 0 4 e e 1-1

" Low Temperature Testng o 0 ¢ o v o o o o o o s 4 s o o v & o 2 u 1-1
. P ofTl Tuble o o o o« o o o w = s e v e e e ey Te e e wee ve s 122
i Tropical TeSt. 0 v~ e v 0 o = & e o« o+ s w s e e e e v e e s T 1-3
S Oridoor Exposure 8it€s o 0 0 o . v s 4 s s s e s e e s a8 s 4 i-3 .
. Unvironmental Testing of Aeronavtical kquipirent . . . . T . . . . ¢ ... 1-6 '

Combined Environmental Testlng. . . . . . .

Hyper Eavironments . . o & ¢ o 4 o« o . ’ | -6 7

'..

23 ix

Niaclear Euviionmente O O L L o

Tutuvi: TrendS & 0 o o 4 0 s e

.

Lo i et oo = B e e

Generel Pntlasophy . 0 0 0 L v d e e d e e s s e e v s e e e e e 1-9

Mderi2lo Bvaluation o 0 L 0 4 e b smem o e s e v e=s e s 2 e e = 1-10

" Elcctrome Components Evaluation , , . e e e e e e o a v e e . - 1-10
Fquipment Evaluation and Qualification, .. . « . + ¢ - 0 0 0 . . 1-10

Equipmert Relinbility . L . 4 0 L 4 4 e 4 e e e e e e e we. . 1-1a

Prodiuciton Sampling Tests, ., . . .
Ciooeors NI FHPMUTESt . o v w0 v o o _, S 112

i

Lorrena il T P
f
+

Operstional Use . . . .+ . . .- . l-12

-
FAT TPV, Ardmnmhurdan) Toate nnd _sutlwnnmanéa
CUARACTE &, APLLVIALYJILEL 5 ALT ) AN DIV, A ViU
B . ek
N oAy
L T T T T T T S
- & Sl S o
e SAlar Seslem L . 0 L . 4 s 4 6 s e s+ s s 8 e e 8 © s ®w s 8 3 e = N
= S 5 e e & 4 s s = & e ® + s ®r 4 e 4 s 2 s s o 91‘3
W v .
b anth . . . . . . . . - . .« o - . . * e T e Te s 2 . e * & - 2-4
1 v
\ AR I . . . . . . . . - . . N . . . - . . » » . . . . " - - - 2’19
B Do) e L e )
PELERERS I . . . . . - . . . . . . - . . - a - . - . Y 'Y - . . . . 2"“" " ‘:' P:
' * -
Y N »
thee F T S T T S T L S T T T e 2-2‘) s (."
» X . . . ('I
coe Sarmre, Uranas, Septureand PR L 0 L L 0 0 v s v e e s r e e e 2-23 -oafee

iy

. . ke, LS ) D
it Rkt A ".:','fﬁl \““‘l\h o q;:ﬂﬂﬁ‘_- qpen, m’!uu-_

=t T P v R L




vy e~ N . B TEL St e S S . VY - -
) e , T L R - R L) N A
- S K I s~ NEST VT e G -
. f"‘""f.‘;:‘ o »‘qéwm - 'K_". . __r‘-g;_,m.,.- W;,.;;_-.;&.w (SNSRI - SV :_-
" )
3 _— “_ . m e - s ) ;'.
==y s“_
)
] - l_,
. A
o
) N
Ly
I TABLE OF CONTENTS (Continued) 4
3 . ) .
\ Chapter 2. Astrophys!cal Facts and Environments {Continued) &
; :
¥ . - . Page
{ Tty el T e DAl L L s 0 0 s e s h e e e h e e e e s 2-20
I‘ Salural aviinduesAERAronmenmts . ¢ v 4 v 4 ¢ 4 4 e = x v e e s e K 2A-29
. Mission Profiles e e e v v e w s s a s sk s e e w e e w w e e 2-27
Mannred Afres.oo . . . . . . & s e ® . s e [ 'Y ) T Y . « » . 2-27
'.\. - »t b - .
Misuiles . . . . . . . . - - . 5 . . s . . . . . » - . . . - - 2-31
Earth Satellitos & 0 0 0 v 4 v v v e e s s e e e e et e e a e s TdwT T 2481

. ' Spoee SUAHCLE. & 4 e e s e e e e e e e e e a e a s e e Tl 2-34

C Interplanetary Vehicles o .+ e e e e e e e e ey e e e e " 2-35

Peentry Fovironmenls . 0 0 v 4 s 6 e 4 s s s e 6 v v e e e e e s 2-35

-~
-
T
P

~
Ui Fants

gj . Lunar VEHIcIES & v v v v o o o s 2 s o = 8 o o o 5 s o o o 6w 2-34
I
{
A
r
¢

P ot

ST Chapter 8. Environmental Factors and Effects . . : " |
N . . ~rvar o - Tom™
Lovauwmemtal EHeels o 0 0 6 s 4 v o 6 s 6 o 4 e 4 s o s e & a2 e 3-1 Ny
» . te : - -
. - oov . ' ’ ~
i’ Tomy 2TAlUTe W L W v 4 s s s s e e w w8 e s 8 & e AT I ST T 3-1 -
: Shack and Vibration. . - . ® * & o & & e & ® & » = 5 © % + & e 9 ’ 3‘1) .- _A ' ! a
:_.» Meisiore , - v . - . . . d. - - - - - . « s @ » . - . - Y s . . 3’ ]9 ":_':,
’E‘_' i i . v e e 2+ e e 8 2 & e 4 e = & w e ¢« =« 3 s ; a L P I 3-23 :v::
i: o ' Swudand Dest, . . . . s 6 e & 4 w & & v s 0w . LI T ] H e e v o> . . 3'23 " ’F( :“'.-;
E e - B - - "3-25 Ll‘;
Armbirnt Al Prossure . 0 0 0 0 0 4 i s 4 L L. 4 s a a 8 e s & s & 3 -2 Lor A Y
-'E Wind . « . . . ' . N . - . - . « . . - - . - - - . - - . - . ’ 3'26 : '-‘~<
v - T - . [ Y o -‘h“
X Ixplifre Atmosphere o 0 0 0 0 s 6 4 et v a s e e s 4 s s v s s w 3-28 41 :‘.-4
o
,k: Arparherfe Electiiclly oo 4 v 6 6 4 4 ce s e s s s a—e s e = 4 s e e 3-21 “} ol
e Micamileoriles L0 L 0 L L L s L st e e e e e e e e e e e e G oy
Yoedioteen o, 0L T . e e s L. « e & s .’ N e 3-28 !x =.:
.. - Mmoo
i i T,
o . Crneste Radiotion (w0 0 0 0 0 4 4 e e s e s s a—e & e s o o o @ 3-26 R A
B . .. ) .
- Solar Radiation. o 0 0 0 0 0 e 0 4 s e s e e e e 1 e a s e e 320 r'{; vy
| . . - - - . S
- trclear Radiation , T 0 0 0 0 0 s e s e e s 8w e e 4 s s s e e 3-29 [ --“).
] y o .
i !
3 T GIATHY L 0 0 v v e e e e e e e e e e e e e e e e e s 3-39 % -
Comnaomneations Ierlerence o o s o 4 a4 s s s s 8 s 4 s e s & a e 3-40 ,‘J ‘f'i
e Focdronme nt® L 0 0 0 0 L s e TE e e e e s T e 0 e e e e s 3-41 - "r.1
choFnvhonmente 0 0 0 L 0 L e e s e e h e e e s s e e s 3-41 i ;’;‘J'
R PO 3-42 ¥. DN
. jes
i o el Mfece i HOLANS L 4w s o e e 4 e 4« a4 s e e 8 = = a . 3-590 ﬁh >R
H . J5
: R T S N TR Flf(‘cts. . . . . . - . . - . . - . . . . - . 3'(‘2 ¥l ‘.'::R
; A
—_— lNA
- g
P b
we o
s I‘_"
S A AL AP AT s LY
A R U RV R v S o G s o




‘.!..‘23'-" - R TRTT T v e e s
- ..; . by e 5 W AR - 1 ek
» —wmn cve el i L e e e e maied iy - PR
i
~ TADLE OF CONTENTS (Continued) .
\
Chanter 4. Environmental Requirements ~
Page
SMectfications s "Stannrds LT 0 0 0 e s v TR e a4 aTTe e e s s e 4-2
\
i thnironmental Analysis o 0 0 s v s v 4 h v 4 e e s s e e v s e s 4-6
‘ - — -
Fravitonmental Destpn Crer1a o« o 0 v s 6 6 6 e 8 s 0 4 s w e e . 4-8
t . Dovironmental Test Crileria o 0 6 ¢ 6 o s o« o o & scce o & o« e . ° 4.3
- Method of Bavironmeniai Analyslg & . . v h v v e v e s e e e e e e - ow=0
¥ v
! Tynied) Stera {n Envirenniental Analysis o o= o 4 4 . 0 a—e e v . 4-9
4 Cociations Analy=ls . 0 0 . 4 4 4 4 4 e e 4 4 e e s e s e s e e 4-12
i : : System Level o 0 0 0 s h e e e e e e s e e s e s e e e e 4-13
. Quthindzation . o & ¢ 0 e 4 e e e e e e e e e e e 4-13
del N Cunsidoration of Uncertainties in Operations AfRlysis, . . . . . . . . . . _4-14
. Tre Role Operations Analvais in Environmental Engineering . . . . . . & . 4=14
' Mission Dffectivenf283 & 0 4 . v v 4 4 s v a e e s e n e e e a 4-14
- Utatizauton oI Results, . . . . v v @ & ¢ 4 v s s e a4 4 e x s e s 4-15
n suape of Operations Analyais Participation o o ¢ v s v 4« 4 e 4 = a e 4 a 4-15
H -
A Foviroomental Specifications « & 2 o 4 s e 4 o« @ 2 s 4 e o e s e s 4-15
. ,'T Useof Errarmmmental Data . v, v 4 6 4 o « o o o s s s a o + 4+ = C 4=39
; ( Letaldishinent of Mission Effectiveness and Trade-offs . . . v & o« o 4+ o« =« 4-19
¢
:W Bstau'tahieenl of Fnvivonmental Plan . . 0 & . o . o 0 v 0 e 4 0 e 1-18
‘i Stretegy and Tactice of Environmental Program Fulitllment, . , . « + . + & 4-18
o .
3 A Mote on Statistical Tachnique o & 0 v v 4 0 4 v s e a2 s o & s s 4-19
o7 Asensement of Ervironmental Plan Fuifiiiment « . .« & ¢ v & 4 v s s 4-20
% Uribznpem ol Resulta 0 L 0 0 0 0 b i e e s e e e e e e e 4-7
: The Folure 6f Enviconanemal Operations Research, ., ¢ 0 & 0 6 & v & & 4-22
o .
Lo Chapter 5, Enviromnrental Protection
L TS 5-1
. trtae Protection o 0 L 0 L L 0w e h s e e e e e e e 5-2
POl of Murht Yotinjeq e e e e e e e e e £12
! . . 513
: Feoon o eal sy tems e e e e e e e e e s 521
ix
}
L
L
ta
- .. . Tt Ll LRt & S
LR R R Wi —wFlacie s A M ARG TR TP




Cah §oam -

TADBLE OF CONTENTS (Continued)

L]
" Chapter b, Environmentil Protection (Continunrd)
Low-Temperature Prolecticn o 0 0 v 6 4 6 6 6 v o @ o & 4 + o 4 a4
Sheck apd Vipration 2e0fection «+ o v L e e s e e s e e e s e a e s e »
Solectlon of Electrondc Compenent8 . v v v & s v ¢ 4 & v & & s e o &
: Salertion of Tastencrs & . . L . e 6 % a4 e e e e e e e s e
spptictinn of Components o 0 L . & 4 4 v 0 4 e e e e e e e
Precdgn Consdderations & . 0 0 & 4« o v« 4 8 e e 2 & « 2 4 4
Drotective Teolation Systeinn o 0 4 v i e e 6 s e e e s s s e 4 4 s
r Vibration Isolatnrs . o ¢ v 4 4 4 4 a4 e s s s s 4 4 e e e a
h
d Shock Isolaors. o 0 o 4 h o h 4 e h e e e e e s e e e s e
.' R Selection of 190lators, v o o v o 4 0 s a4 4 e s v e e e e
S I-olater Moanting SyStEmMS & . &, 4 4 4 4 e e 0 e e 4w e e .
) Moicture Protection, o« 4w v 4 4 . e a e e e 4 e a e e e e e e e e
Ioforferte e Profection 7, v 4 e s e i e e e e e e e e e e e e e
Sand and Tuct Protection . . . & L 4 4 4 4 4 4 e e s e e e 4 e 4 e
Deivicg 2nd Anti-iciag . - Ve e e e e e w. v e e s .- e v a4 w3 e e
N Atmospheric Pressure Protection o . b 0 0 v d e e 4 e e v e e e s e .
\
X atmespberie Electricity Protection . 0 0 4 & 6 4 4 4 e e s 4 e e s e W
:' Laplecionproofing o .70 o 0 0 v 0 v Th h e e e e T e e e e e e e .
i Padmdu Frotection L L 0 L 0 0 0 s s e e e s s s e s e e e e e
. Haunon Drotectica o, . 0 o ., —. c e 4 e 4 s e 5 w a4 s s+ s

r Chapter 8. Environmental Testing

I
[
| ] - N . -

B Test Requaiemonts o 0 0 L 0 4 4 b iie v e e a4 e—e e s e e e e s
- . cavironmental Test Instrumentation © 0 0 0 0 0 6 b 0 0 b h h e e e e
M
iy licht Tegt Instrumentation o v 4, 4 ¢ 78 & s 4 & & 1-¢ s a o s 2 s »
i3 - .

\ Ielematered Pata Recording and Processing . ¢ o o v s 6 6 v v v s s e
p ArLorne e cOtGing & v v 4 v e e e e e e st e e e e e s e
vre-Research Instrumentation ., 4 0 0 4 0 0 v e e e 4 e e e e s
N Patng Coends in Plight Test Ingtrumentation, .« . v 4« 4 6 v v 4 o s
o cnreent e chaberand Facilities . 0 0 0 s 0 0 0w e e e e e e e e
t oloveiare Pravivonaent Simulation . . L L L . L 0w s h e e e e e
iy e Frvivenee ot Testiogy L e T
“

L3
»

- : T Y P S NI S SRR

0-2
6-2
6-3

6-3
6-5
6-7
€-8

T T P
1“4,...- e, ™

T e
-,
.‘i :‘J
.. ‘-'
C N
i -
"
<
. <
SRS
. l : =7
.. -
ooT
.
o
o
-
3 2
RS
A
Lok
o Ll
S
o1
e
e,
b
[
L
A
¥, .

Yo
.,-‘,;.J J

b

AR

IFTC



e - o) PN
L A . s 6
i 5 Lo 2T S . Sl
- — -
[ s
|
\
N Al
' ——

' TADLE OF CONTENTS (Conuimied)

%1_ . B
- i Chapter 6. Environmental Teating (Continued) 1
[
. . Fage
] -
Combined Environment Testing *. . . & v ¢ v & v ¢« ¢ o s o & o o 6-13 >
\ & |
}.' Correlation of Actual to Test Environments . » . « ¢« o o « o o o 4+ 4 & €-13 ; ;f
: = Ee
M Gl . 0 e e e e e e e x e a4 s e e e s s e e e e e s 6-14 :
h Fiold MABogs « v v v o v e e e e e e e e e e e e e e 2-14 ;
f ' Irbm~raery Methods o 0 0 0 v 6 6 6 e i v e e s s 4 e et e 4 e b= b i
Pl ’
L Loedrm ond Solection of Facllities & 0 o 0 s v 0 ¢ v 0 6 s e e s e s e e 6--31
i . fost ProcediI€S. o 0 v 6 e s+ s 4 s 4 e 2 4 4 s s e 8 m & &« & .6-36 .
L . i
- favironmental Testing Go2l8 . 0 v o v 0 s e e s 8 e e v e s e e e 6-38
. [ saategy and Tactics of Environmental Testing, . . . . « . . + « + + « « & 6-36
) : .
: ! Preliminary Test Procedure Development., . o & ¢ 4 o o & o o s « o+ 6-37
Sclection of Tost Proceduref & 0 & v 4 4 ¢ s s s & & % e & s s e s 6-34

Sy te e Coubired Environmental Testing ., v ¢ & ¢ o s « s « o
sacdardization of Envirormental Testing . & . ¢ o o

Acondx AL Equipment Cless Definttions and Examples . . . . . . . e e e Al

e

Looondos B, Unbveard Terms . 0 0 0 0. -

o

S |
' AL AA

g

ey
)

¥l
o o

L e
= -

‘x

P A
i
{
'

M S N N

ey

¥

13
2

e
S

T x}
"

[
I3
\
!
-,
X
-

¥
%%

. ; - B !
, : T T AT T C T
IRV I 1o s Al 1 TP * R j’}_‘yﬂﬁfl,w.-' phpd s | ’;ﬁf&‘aaﬂ",ﬁw ,._% Lo - ”’Hf?ﬁ‘ s




e Leah bl axd i
LA -
p L
*
o e v - S - - ——— .
\
'

e ’? =
QA APl

.

5
. LiST OF ILLUSTRATIOMS :

LN

o

R

BTV ' , Page L 2-!

: 1-3 Alr Force environmental program . . . ¢« 4 o o 4 ¢ s ¢ s o o 1-9 %

F 1-2 Capabliity trends in environmental engineering . . o . . . . . . . 1-10 o _\'

i 1-3 Treads in ratural and induced environmenta . . . . . .. . . . . 1-11 * ’; ;_:

i ay
- 2.1 The S0Jar 6YSIEM © v« v o 2 o o o o o & o « o o o o o » 2.9 A
- ;
' E 2-2 T S S o 3 2.% el

. 23 Tenmperature of a spinning ophers aa function of its solar . -

Ls distance and surface radiation characterlsticsa . . . . . . + . . . 2-3 o

b 2-4 Solar tntensity distribution outside Earth's atmosphere 7 . . . . . . 9-4 'i ]

2-5 AtmospleriC Zones . o 4 4 0 4 s . e e e e e s e e e 2-4 + f‘\f*f" G

b 2-6 Vertical distrilution of major atmospheric constituents , . . o . . . 2-5 "

i . 2-7 Latitudinal variation ot ozone concentration . .+ « 4 « ¢ ¢ o « « o 2-6 ..

L :rﬁ T 2.2 Geasonal variation of nzone concentration at Fiagstaff, Arigona, ., , . . 2-6 -
be ,.‘9 ) - 2 -,
N 2-9 Daily variation of atmosphesic potential gradient for locations ‘ )
- | with different altitudes above sea level . . . o . . . . . . . . L2-" ”
- E‘, 2-10 I'vteatial diffevénce between Earth and 2tmoRphere. + ™o o o o o o o 2-7 !
ﬁ; 1 v-11 Dongity asfunctionof helght © ¢ . & & & o ¢ o 4 o o o o s s 21 -
- “ ~ -~ | fr
[t 2-12 srosasure as funcifonof helght, & 0 ¢ v 6 v v ¢ o ¢ o & ¢+ 2- L
. "
A 2-10 Maily climatic cxtremes of temperature . . & o 5 o« 4 4 o+ o s 2-1 3
=0 2-14 Temperaiure vs altitude tor hot, cold, polar and ‘“
A ', tropical atmospheres . . . . . 0 0 . e o e 0 e s e v s 2-13 X

T 2-15 emperatur 2 as function of height from sea level to - -

.5[-: SN0 KM L L, ot e e e e e e e e e e e s e s e e s 2-13 - g

S AR TY Wind direction a8 function of altitude during winier IS
s WL BUGMET  © o v s 4 v v e e e e e e e e e e e e e 2-14 KT
e 2-17 Averape wind speed vs altitude during winter and summer E'
] in middle latitudes . . . . . . L . . 4 . e e e e e e e s 2-14 PELEL
g 2-14 Maximum wind speed and shears exceeded 1%, 20% and 50% T
% ) olthe time . . o o . 4 4 4 4 4 s e s e s s e s e s . 2-15 "j'; -
»[ i 4 NER R Laritudipal distribution of specific hunidity . . . + « + & & « + « 2.16 '.,;.’

"t K v
o Rt Patlbaanal distribution of relative humidity ., . . . . o & « « + =« 3-18 e

- 3 Al Rodiation spectrum on logarithmic scale ., . ., ., . . . « « . « &« 2-17 o
Sy .

- n-27 SOL BPECIIWIN. v 6 v 4 L h e e e 4 s e e s e e e e e s 2-14 wal ’
N . R »
"_ 1 MK Coemic rays penetrating Earth's peomagnetic fleld. o« .+ « « « + . 2-18 S
B o :
S v fome environpents encountered In uerodynamic flight vreglme . . ., . 2-27 ;
ml /
A 5 Somee environments encountered in super-aerodynamic flight d \

Cg L eime o 0 L L 0 s s e e e e e e e e e e e e e e 2-29 K
LI 1 '

o Sortaral cndronmentsup to 420 miles -, L 0 L . 0 0 s . 0 e 2-30 -
v x1it Lo
.- [}
. :

- | - EaL 4 el I'U,!l! Y L.!r '
._.' . 4‘ ) L. - BT &Y ;mwﬁvm!wwrﬁﬂn“ fw . -{:"?‘ﬁx’{“’w‘h"ﬂ . ;




B A .-

el N"‘-M‘v‘ ~¢w ﬁ:k«w&wwm— ‘(N\H e Ay e 4-‘;« .

e W e BT VUYL MR

[

e Cede "N’—'-“' T oy oy -.)'n-u
- ewrs o
- -.m—.»-'-—a.',nﬂ'.-*ﬁ_ PR Nq Pt d, 1Y M; 7 i 108 i Ve 0, 4 it 8 m A
Lg - - )
-

LIST OF TLLUSTRATIONS (Continued;

Vigrars Page
' 227 Terrestrin! and cislunar space  , o v ¢ 4 v e s e e L e s e s 2-32
i 2-28 Possivls DMght paths of lunar vehlcles . . . . . & ¢ ¢ ¢ ¢ 4 e 2-34
| 2-29 Possible {light sequence beiween Earthand Mers . . .« . . . . . 2-35 %
‘ 2-20 Acrordynainic heating as a fancitonof shape ., , . . . « . « .« . . 2-36
2-31 Variation of deceleration with aliitude, reentry angle and &
' drag parameter « . . 4 . e 4 e s 4 e v e e e 0 e o s 2-3b ”
3-1 Temperature versus gpeedtoMach 10 . . . . . . . . . . . . . . 3-2
: : : "y
' 3.2 Avcrage life test survivals of typ'cal tubes vs bulb S b
temMpPeTANULeS & . 4 4 &« « = s e & o & s » 4 & s 4 s s s 3-6 T W
3-3 Turtuleut and laminar (low teraperature variations as R ' ;t;
. function of Machnumber . . « & o o & & « o ¢ 2 o o =« o 3.9 1 Q’
. 3-4 Reentry vihicle altitude vs stagnation temperature with ':
y typical trajectcries ag parameters8, . . o+ o+ o o+ e s 2 s e s 3-10 R P
,‘1‘ 3-5 Staonation heat flux va reentry time from 60 miles, « . « ¢« + + o . 3-10 e !«.’ ‘
: oW
; 2-6 Baili<tic missile reentry trajectory . . . o o ¢ ¢ ¢ « o s+ o & 5-10 Qj
' L]
; 3-7 Bullistic miselle surface temperature during reeatry . . . . « . . . 3-10 ool
!; 3-0 Truck transportation vibratfon data .+ & « « o 4 e+ 4 e = s - 3-11 . m
b 3-9 Trtal of average number of vertical longitudinal - L
| and lateral shocks per 1000 milles of travel P..
f measured on frefpht €2rfloor o o o o 6 4 s 6 e e 0 8 4 e s 3-12 PR,
| LR S
! .10 Impace spced during freipht car switching cperatlons . o o « » « » 3-12 FH
31 Masting horlzontal accelerations of frelgnt car ,;_‘ :“_;-.J
V bOCGY VS SWItChing Impact 6Pred o v o o o o o o o o & s 4 e 3-12 s !‘":j
‘. B
i 2-1. Svocks recorded during ajriine test shipment., . . o . . 2 . . . 3-18 i )
H .; e e
3-13 Vertical and athwaitship hull aud deck vibrations for ebips .« o . . . 3-13 L ,,'_’_n
| S$-14 Exteinal spectra for pear fiel: jet nolse relative to i
) LD UL B T T T I T 3-14 EANE -
3 15 Intrrial speetra for jet noise In unircated compartments ATy
' relitive tooverallnglse . 0 0 0 s e e b e e e v s e s . - REYTY T
' 3-14 Trend of external overall levels of jet and rocketnoise . ., « o« .+ « 3-14 j-"'f‘,L,". ’,
e TN
i S Trend of ternal overall jeot and rocket noise levels iy r'_',’l
. for untrested compartients ., v v 0 e s e 4 e e . e e e s s 3-15 B
-1 Noise chavraCe ristics of F<94A and F-94D aircraft,. ., . « « « + + 31" : :}.'.' e
. e
) KB tiaiee characteristies of 1-J0) afreraflt  , o v o ¢ o e o e 4 e e ~15 )
' (RN Noise characteristics of D66 alreraft © . . . 7. 0 4 4 . 4 e e 3-16 4 !.{
b T weise characteristics of B-52 airezaft © . . . . . « & ¢ & o a . ~-16 | .‘l ".':-::
. %2 Vitwation vharncterlsties of four operational misslles S “ '
" dincioes cugtained {Ught aitor boost © L . L 0 0 4 s 0 s e e e e 5-17 fe
3 - .. . .
b r-o Vitrat on characteristics of seven operational missiles ", ’._-:
N Aaring oL phaSe o L 0 4 e v e e a e e e e e e e s e 3-17 - '.
ST Mo p-sepuared aceeleration densily plots for three SRS
operarional wissiles, o 0 0 0 0 . 0 0 0 e e v e e e e e . 3-17 _'; ‘/';'
~ - , .-",F
h f;"
" L4 !bt
) o
- p
r,w
p R 1] s Wr 1 L p OYnE
QR WWW’!L rmeg, ﬁ{é%ﬁd f NEhy ;. _',




,: et L
S :
L4 - -
’ LIST OF ILLUSTRATIONS (Continued)
» Ficure -~ - - Page
L-05 Vibration and flutter damage to elevator of
H P9enntfighter, . . . 4 . e s s 0 e e 8 Te s e 4 4 s e 3-117
i .00 Crack in shay of aircraft fuselage caused by vikration . . '._ e 4 4 e a 3-18
L 3-27 Sovare corrosion of floor of C=124 advCiafl « « & + v & s & & s o« 3-20
1 3-28 Effects of hum.idity and tempcrn‘uxe on unetched _
4 Clad IamInAteB v 4 4 4 e e e s e e e s a4 e e e 4 e 3-21
3-23 Scvere corrosion of piece of elecironic equipment . o . . « o . . . 3-22
: 3..30 Yl damare to afrcraft nose radome ., . . . ¢ c ¢ e s 4 e s te o83
. 3-31 Aircraft damase caused by static discharge or - :
lipghtaing strike o v o @ & v« s 4 4 4 s 0w e 8 s s s 3-27
2-32 Meteorite inteusity o 0 5 o v s s 4 0 e 6w e 4 v s e e e 3-29
4-33 Radintion stability of selected plastics . ., o & s 4 o« & 4 & o o 3-31
3-34 Effect of radiation on glags fabric reinforced plastic ..
laminates & ¢ v 4 4 s s s e e 6 & = s s w e s e s s e 3-31
¢ 3-33 Radlation damage to stilcon and germanium transistors . . - . . . . 3~-59
3-26 Nadiation damage to lubricants . . ¢ & ¢ o« ¢« ¢ s 8 4 4 e 3=37
x-37 adiation S'.db”.“.y of Ol‘gaﬂiﬂ lqu1dS—.— s e 2+ w e 8 & = & 3 & & » 3-34
3-35 Tetiinaled duse limitations in use oi¥arivus greasee
and hydrauc 05 . o o v 6 4 s 4 a4 e e s s e 4 e s s 3-39
3-39 Latitudinal distribution of environmental extremes . . . . - « .« .« o+ - 3-42
4-20 Semi-spatial distribution of environmental extremes + .+ « o+ 4 o« . 3-43
3-41 Tewperatures at which various other environments occur .« o o« o J-44
, 2-42 Combined environmerts encountered during ground
handiing ond operation phases of typical mission
. profile o 0 0 . . h e w0 e e e e e e e e e e s e s s 3-48
' 4-1 stimated skin temperatures at ratedspeed . . . . . . 4 4 .4 . s 4-10 :t'_ :
1-2 System development interrelations . . . . . . 0 e 0 e s e o4 4-20 S
4.3 R Bability fevels for sories of tests wilh and ' .4 :";
wihout fa1ures o v 0 v v e e . e e e e s e e s e e e e 2-2i R
Lo e
41 O-oanizsdions requiring use of environmental facilities . « . . . . 4-21 .,
: o [
J-1 elative crosion rates for different plasticg as a L e
] Dmetion of temperatUre o 0 0 e e 6 s s v o« s s 0w s s 9-2 . v
5.2 Theruel dnsulatior comparison of high-tenperature . L j f 4
phendhiv amindles o 0 0 6 4 o s 4 s s e e 4 s e a8 s s 5-3 ! i,
- Capal itities o, aluminum and magneslum allcys for ) L
high temperure applleations o .0 0 0 4 0 0 6 6« o 4w e s .. 5-b . Ly
ERR) All-Leta Glanium zlloy compared with beryillum and -
ferrowd-tase materialg on a girength-to-density basis p o
Gt hieh-teape TEUT RS 0 L s 0 e s v e s e e s et e e e H-5 r
o Potranenlb oot systein, v v 0 0 4 4 e e e e e a v a e e s 5-13 * e
Phudd vrboctie profile, o 0 0 0 0 s e e e e e e e e Tai4 |
. I,,". i
Porsinar one tarbuleng low v e e e e e e e e e e e e 5-13 X
xv |
{,
J
- il 73 - o
- B S . o ﬁﬂ‘m#’""‘ﬂ‘?‘»m{ “lﬂqf,.uwm‘ ﬁ-u!/ (” ;«1':
R R s ".'-_..r__.

N,




RS L ¥ L A - - R _.; ]’._). "l‘ .

I

L NN AR P vy )
RN 8 'I:'-u-.__ "“w;-" 5 Tl -.‘.M B e W R o7 TSI W

N
N

. - = - e ey v ————— s 2 W e ey U S ST

! 1LIST OF ILLUSTRATICNS (Continued)

| 31 qurne P:»g(‘

-8 Sharp-edged plate turbalator . . . . . . . . . 0 0 . . . . . 5-135
fep rud-type turbulator . . . . . 0 0 4 . 0 s e e e e . 5-15
5-10 Typical propeller type fan . . . . . . . « + . . e e e e e 5~17
5-11 Typtealaxjal-type fan . . . + . & & 4 & & ¢ * s s s 2 a 3-17
5-12 Typlcal centrifugal blower . . . v o v 4 4+ 4 4 & 2 s o & & 5«17
5-13 Heat-dissipating tube shield for minjature tubes, , . . . . . , . . 5-18
5-14 Moat-dissipating shield forpowertube . . . . & . . 4 4 4 . . 5-18
5-15 Comparison of heat removal methods & & 4 & 4 4 & 4 & & + o« & 518 ‘

5-10 Shell-and-tube type heatexchangers., + . 4 4 s ¢ ¢ o o s & 4 =« 5-19

7 Types of extended surfaces for heat exchangers. , « « 4 « ¢ & + 5-19
5-18 Dulk temiperature variation in heat exchangers . . ., ¢« ¢« o« ¢« + « §5-20
9

Dulk temperature variation in crosaflow exchanger., . o« &«  « & v . 5-%0

B2 T Y

el al
1
o ~3
.~£: . - L “ -:.“4 -2 h‘--_-‘-.-: ‘ :—:._ _, ) _ B .‘ .. ;: L v R . . : . . ‘,‘,. S

4 5-20 Brefe arranpgement of a ram adr system . . ¢ 4 4 4 s e e 6 e 5.21

5-21 Bacic arranpement of an exanded air systerm . . . . s 4 e . o« 5-22

I

5-22 Basic arrangement of bleed-sir system for direct or
indirect equipment cooling . . 4 & & 6 ¢ s s & & & 8 « & o

LY
§

5
5-23 Basic arrangement of a fuel cooling system ., . . D T L X

5-24 Basic arranpgement of an indirect expencable cooling

BYSICIN L 0 0 L s s 4 e e 4 s e s s e s x e e e e b

5-25 Basic arrangement of 4 vapor cycle cooling system .~ . . . . . . . 5-.25

. X .

5-24 Relative skin fatigue lfe. . . o v 0 v 4 ¢ s o s 4+ s v e e 5-27
2

—ry e

X Transformer aesign to resist shock and vibration . & + . . . v 4. & 24

H-23 Truansformers desiqued to wlthq’a'\d shock and _
vVibration 7 . L 0 0w s s e s s e s e e e e s e e e 5-29
5

H-29 }{Jlurltdt(frmlnulposts [ T T,

530 Self-loching nut with relatively soft inscrt that grips
threads l()]‘rcvcntlw€c::::"f. s + & & w 1 e & 5 8 a e & = . -30

5-3 Self-locking nut with thread sugutiy deformed nwardly !
togrip screw thread tightly o 0 0 . . 0 4 . h s e e e . e . 5-30

HERY Two-part sell-Iockingnut o . . o o o o L. 4 0 s 0 e e v e s 5.0

5-53 Self-locking nuts that may be clinched into panel and
anchored by rivetinporwelding o o v v 4 ¢ o & o o o & 4 o s 550

O-54 Quaiter-turn fastener that locks or releases with s
quarter-tu.n of rotating element s e e & 8 e » a4 a4 s o a 6-31 ‘ RE

an traavter-turn fastener inglalled to hold two parts together . . . . . . 5-31 : "«
RERTY Half-turp tastener using cam receptacle and robber gleeve . ., . . . . 5-31

Snap-slide fastenar operated by gmall mnovement of
sUdine sectien, o . . L, L .

5-31

e e e e e e e e e e, 5-32 i

i
'
.
.
-
.
.
.
.
-
.
.
«
.
.
s R
R

ol oot fastening clamp ., T,

, Lo Shoclkounplittcation throurhiou long=hody relay
; Dectrncdon flexible chasals . 0 0 0 0 0 4 e b e e e s e e s 65-33

T !
. \,u

I
2

-

e e,
27

>

St vy Py 3. 'm nye 'P'UI"",““""'P

SRR TR e o o

E T e e e A PR

oot




= e 'ﬁ.‘_:‘_. VO e, .‘;% st—.:‘,z"t.m\.uwh- Y AU, Ly N
M - ————— - *:-A-.. ——— - -~: [ " )
LIST OF ILLUSTRA 1TONS (Continued) N
? }‘il’:\” o \\ Page '
5.40 Clapper-typerelayand axes . .7y v ¢ o« o & e o« e e 5-33 N
H A1 Ruiary-type relayandaxes. . . o + + « &« o« ¢« o e e 5-33 i ;‘.‘
~- - . "\
5.4 [est orfencation for three popular type relaya . . - . o e e s 5-.34 , i_ _
H-43 Hat and post device for holding tube in socket ., o o « e« e s 5-34 ‘-:'
5-14 Cr adle-type tube shield for miniature tube . . . ... « v e . 534 t-‘;
5-45 Five types of transistors . . .« « + 4 o« 4 . & « o o - 5-35 o
H-490 Fatigae life vs natural frequency of lead-mounted reslstor o v e e 5-35 :::‘
L I'raner mounting technique for lead=mounted capacitor E;
Oor 1081810T., v v 4 v e v e s e e w e e e e o e e s 5-36 3
= ¥ = Y
5-48 Typlical cross sections of structural shapes . . . . . e 4w a 5-37 e
[
5-19 Examples of chassis stiffeners ., . .+ & « 4 4 s . e o e e 5-37 oty
5-50 Effect of crose-member stiffener on bux-type chassis. . « o e 5-31 {: '
5-51 Fnlargement ot slot ends to reduce atress concentra- v P
] HONS 2L COTNEIB &« o o o o o o o o o o & & = . e« o 5-38 14
552 Vise insert distributes bending stresses ovar greater
Surface , . . . ¢ 4 e 4 s e e e e s e e s o e e e 538 I
’.
SR Transmissibility at resonance as function of damping ratlo .« s e e 5-40 o
- A
5-54 Ratio of damping force to spring constant plotted A
against transmissibiity . . . . . . . 0 . . . e e e s 5-41 !
. s
550 fasic air dumping system . . . . . ¢ s e . o . e e e e 5-42 o
550 All-metal, cup-type vibraticn 1solater with metal mesh Pt
as frictionelement . . . . . s . e e e s e e e 4 s e 5-43 ?-f'
5-57 Response curves for two types of iselators . . ., . . e .o e e 5-43 5:
5.5R Forre-dellection curves for same isolators as in E
:Flg. 5-57 . o« o . . . v A e s+ s & s « B 0w . « e o 5"44 -~
"A
H-50 Nutura? frequency as function of spring rate for mass -,
supported by linear springs . . o « & » ¢ s & = e . e . 5-44 t": ;i
5-60 Usc of equipment fragility curve for selecting igolators e !'-:,
to modify vibraticn environment, . . . . . . . . . e e n 5-45 Tl W
3-51 Effeet of flight vehicle attitude on single-acting vibration Y L.
isolatnrs & . 4 4 4 e e 4 e e e e e e s e « o & 5-45 2 VQj
. 5-42 Stabilizer under static and horizontal shock conditions. . .« e e . 5-46 &:
fard Sxderreesof freedom o 0, 0 4 s e e 6 o e L 5-4% 3:;"‘:
- ' e
-t Critical ditnens'ons for underneath mounting . . . . . v e e e 5~47 iy
3.0 Pasic undetncath mounting system ., + . & . . . . . e e e 5-417 <
o Dxtermining toad on each isnlator when center of '
pravity iv located unsymmetrically in horizontal -:.:—:
direction - - . . . . - . . . . . . . . . . . - - 5'47 -:'-.:I
' a7 Hosje conter-of-groviiy mounting system ., & . . . . o« e e s 5-44 'h—'é;‘.‘. ;:r“
Pasie doghie-side mounting system . . . . 0 . . . s e e e f-48 . (": -
) Pooae oyveor=and-under mounting systemnn,. . . . . . . e a e .40 A
- - - xvif N,
w
) L:_"n
. S o a0 m a,? AT LA EA
i i’ Qﬂ*f Am (e ”"’WWI-? “' v"j alr..t 5 > ‘:
: - Lo ERE P, 12 R
———————— " i i O



“ Fipnre

5-79

ar -9

L ol ol R T L BRA R e

LIST OF ILLUSTRATIONS (Con!inuod)

Basic inclined-isolator mountirg system , . . , .
Sapcr=djoint L L 0 0 0 0 e e e e e e e e
“Pampt can” joint . . . . . . . . e o 4

Annular-ring typc doint , . . & 4o s s 4 e ¢ .
Scrrated spring joint . .+ . . e 0 e s 4 e e
B (L« 1 T A O )
Anti-icing system for wing, nacelle and empennage. .
Anti-icing system for windshield . . . . . .« . .

Cabia air conditiuning and pressuilzation system
(o0 B-4TB & v ¢ o 4+ o o« o o o s o o o =

Air conditioning and pressurization gysteta for F-34A.
Rii: protection system for auxillary fueltank , . . =
Sintered metal screens used to protect equipment . .
Reietive radTatlon stability of mat‘é‘rlals v e e e ~
Representation of inverse square Iaw o « o+ o . —.
Range of alpha particlesinair . . .« . « - « =

Pen-otration depth of bete particles and protons in -
a'lumimm as function of particle energy . . .« . .

Range of protonsinalr . .« 74 &« o« o« ¢« 4T

Amount of vairims materials needed {0 etop protons

Approxlmate' human time tolerance as function of tem~
perature and humidity . .. . + . <« < . .

Typical vibration pickups . e e e e e e
Tvpival accelerometers, , . . 4 o« s e 0 v e
‘Tvpical data handling system , E.J e 1—
Typical frequency division multiplex telemetry system
Typiral time division multiplex telemetry system .
Typical D'Arsenval galvanometer transducer., . . .
Typical tape recorder syatem ., 5. + o & o« o+ o

Combinztion frequency and thine division multiplex
telemetly SYstenm, o o b s e e e e s e e e

Typical black box laboratorytest, . + » . « « &
Tyepiral inboratory vibrationtest, . . . . . . .
Typical suusystem laboratory test ., . . . . . .

Typival system laboratory test . . . . . . .

Svstem test -- “paddle wheel” satellite in Dynamic Anailyzer

Typical serap for captive missiletest « . . . . .
Fovbrt-=ledsetup . v s s 0w e e e e e e e

Wacttborrd rond 0 0 0 0 0 4 e e e e e

TN AN R TRe -

e T PR k! T

L

o

e e A-74 E"
. . . 575 . .
N 5-75 e |7
R :;._,
y

e e ‘;..—
7

e e e . 1
. e e . e
e e e s :;_
. ) - o '4
) ' : . :'.‘:-

e e . ]
o
. . - . lr?.
e e e e '{.:c
£

s e o= . }
_

.

r r Y T 9
t‘;iu

=N
N
3

T
; PUAT I PR QIR Y o
7 myz’%’l:&’i LR 2 N
AR M TR A T
T Mt et At M LR M LA e ,p'.n.r.ﬁf.r.l‘ﬁ'



it § Tarit 0 T d w AR~ T R e A, o eldBdum PR ST e e e T T e
. =3 .
' LIST OF ILLUSTRATIONS (Continued)
' Fignre - ' Page
6-17 Hivh- aud Jow-temperature test chombér employing
dre lce coollng and convective healing, « v o 4 o .4 = 4 4 . 6-16
G-15 High- and low-temperature test chamber employing T
refrigeration cooling and convectiveheating, . ¢ . . « +« + « .+ o 6-17
6-10 Oll diffusion pump with coldtrap . . <« + & ¢ o ¢ o o o o o o« o 6-18
6-20 Drop machipe for shock simulation . , . <« . +« & . . . . . . . 0-18
c-21 Electrodvnamic shaker for vibrationtesting . . « . + + « .+ + « - A.19
$-20 Nandom-motion vibration sysiem with Courier satellite L
interframe mounted on speclal fixture. . o « ¢ « « « ¢ 4 4 . 6-1v
¢-23 1I'ynical electrodynamic sinusoidal system. « « . & B T T 6-19
6-21 Typicai random vibration facility. . « ¢« + « « -~ « v ¢« o + + . €.20
G-25 Typical reverberant chamber acoustic faciitty . . . o < . . . . . 6-20
-2 Typical progressive wave acoustic facility ., . . . « « « . . . . 68-21
. f-07 Sand aid dusi chamber . . . . . 4 . 4 . e e e 4 oe e s owo. 821
.23 Dust supply, blower and ducting tor sand and
aust chamber & 4 v v 4« 4« s s e e s s s e a4 v s v 4w 6-21
6-29 Drodosion chamber o . 0 4 0 4 6 4 e 4 e v s 4 e s s e s 8-21
€-30 Flzetronic equiprnent mounted in chamber for
eanlosivo-aimosphere test . o 4 0 4 4 s 4 s s 4 & e s s . 6-22
L-3§ Nucicar environmental test faRcility . « + « « e - 4 s s e o« 4 622
$-32 Ceairifuge set up to accelerate bomb specimens, . + « + « « o« o 8-24
(=53 Acceleration-vibrationtest stand., . . . s 4 o 4 e & s e 4 e . 6-24
-1  mhined temperatare, aliitade and vibration
testfacility v 4w 4 v 0 4 e e e e e i v e e e v 0 e e » 6-25
€-2n Layout of combined tempe rature, altitude and vibration . 3
testfacility & . 0 . 4 v 4 e s e e e e e w e e e s 6-25
£-26 Wyle Combined Enviroumental Centrfuge . .« .« & o & o & . o+ . 6-26
-3y Duat-chamber crif'al teperature-altitude simulator
with Courjer satzllite interframe insunted on
chamler dodar . o 0 0 0 i 4 e e e e+ s e & s 8 2 s s e 6-26
Lond Space rescarchfacility o 4 v v 6 e 4 e s 4 & & s w2 e e . 8-27
- t.n Acvastic-mechanteal vibration facility « v ¢ o o & 4 ¢ e o o A 6-28
fa1) Trevtiol dynamics facility o o 0 0 4 s s 0 s e e e e s e s e 6-28 V-
i Test-specimen vohicle for fnertial dynamics factlity . . o o+ « .« . - 6-28
L2 Thermo-wechanical dynamic facility . v v v ¢ & e o o ¢ 3+ G-29 3
-1 Diiimie Anainzer. o 0 0 L v v e e e e e e e e e e e 6-30 5‘
e Clhiranie Hangerat Eplin Fleld, Flordda . . . o o &7 v ¢ & & = o 6-32 ' i
A Proposed miltary space systems test fucllity . .« o v o 4 0 . . 6-33 Sl
0 Uroposed envin nm('nl.ll facility tor life support systems - P - 6.34 ! :j
W Foyoot ol typi o ervironmental laboratory .« v o o o0 & o 0 s
Y B S RV SN BV R S Ly R




4 A - LR T AR AR e T T e T Y
: ) P T i y * . ., N . i ,
T BT B R it £ B Anotiadat At < L e B '-(J.’

. ,

e

e

- am
-(_”l. ER

o

LIST OF ILLUSTRATIONS (Continued)

o
55

-18 World-wide classificationof climates & ¢ o« o & ¢ o o ¢ 4 . 0 . 6-43

e

'I

ar)

P

~

@
. T S it S
ol o

o
ol 3

G-49 Fnvironr-nts enccuniered {romn point of manufacture

T TS e e R T e e e R
E

act
ICpolnt OfUSE. « v « & o o s s = o « o ¢ & ¢ o & & o & 6-44 43%
-— p_— At 3, -4‘
N W
l-.
- l“_‘
- .. - .
n\“
N

E

]

AL

7

-
-

-,
i

P

.

—— —

x
Pl ]
)

o
L8

o

l’l"‘l; .

.1‘r
(Y

i
N

TN

L
LU

-
P

.
PRSI,
;

- -

W

2 e
A At
AL

~
2
.
3

iy

L AR Y
£

X857 B

LI

N4
TR O N - AR
‘"

T3

FLER

e aw s o bW M

e

-— i

IR T rpye— ‘F‘“‘f’!‘""_;,_‘?m ;
- P el L L - .



Tl e, T ST e mE AT sUyat s wae =

4 . P T e T
SR o . I T '
L awe e ee e - .'& < m; -~ Mb«' .-»-17-: 1 i O D i 74 B ¢ R PN 01T AT T e e
e o et e e m s e mn
. LIST OF TABLES
ol Pagc
1-1 Qutanor exposure slted8 o & 4w 4 v« v e e 4 6 - e e i e e 1-3
H Fredicted fulure temperatures . . o v 4 ¢ o o 2 e o o s o = 1-7
A Maximum ozone concentration. . « o ¢« ¢« ¢« o 4 v e s s 4 e = 2-8
2-2 Averare donsity of 2 standard level surface and
standard deviationfor month of JANUATY « « v & ¢ ¢ o o ¢ o o = 2-8
- 2-3 Aoorace densily of a standard level surface and )
standard deviation for monthef July . . . . . « &« & . . . . . c.a
2-4 De-v:uy -height data for cold, hot, pohr and tropical
almospheres . . . . . . © e s s a s e e e e e e e 2-9
2.5 Average prossure at gaven altitudes and standard :
deviation for month of JANMUATY . & & & v ¢ ¢ o o « o o o o o« 2~10
v-C Averapge pressure at given altitudes and standard
. deviption fornonthof July . . . ¢« ¢ . . . . . . e e 4 . 2-10 '
2-1 I'ressure-height data for cold, hot, polar and tropical
AMOSPHPIES & & v o & s s 4 o s o a o e « & o o 4+ o 2~11
2-8 Av_rage tomperature and standard deviation for month
of -T&Jiu&.ly . . . e . . - . e e & a v e * & a @ @ « o 2“12
2-4 Averare temperature and standard devistion for month T
o ) 2.12 s
2-i0 Temperature-height data for cold, hal, potai and . coeoes o]
ironvjcal atmospheres » . & 4 4 4 s 6 4 s e s s a e o o @ 2-13 N
2-31 Pereentage of time during average year in which clock-hour .
; ~~d instanlaneous rates of precipitation equal or exceed {'
0.05, 0,12 a,1d 0,18 in,/hr at selected stations . . . . . . . . . . 2-15 :
2-12 Physical and pocjtional properties o1 the planets . . . . . . . . . 2-26 :
, ?2 12 Satellite data . . 4 v 0 0 0w e e e s e e e e e e e e e 2-33 E
. 31 Nataral environnients and theireffects , . . . . + o6 4 4 . . 3-1 r
% 3-2 Induced eovironments and theireifecis . & & o o o 4 o & 4 s 4 e a-2 ‘L
; 3-3 Linear coofficients of expansion for some commonly - 1
| vstd materials o . 0 0 4 . e i s e e s e e e e e e 3-3 ::-
} ’ -1 Mapradation of mbber by high temperatures o o o o o o 4 . o . W 3-4 e
. r
! « 5 Increace of ram-alr temperatures with flight gpeed . .. . + « . . 3-¢ <
It
[ -0 I duction of heat @' sorbing capacity of air with . v
P alitude o L L0 L L s s L e e e e e e e e e e e 3-8 »
‘ a7 Galvinic series I 582 WALEr . . 4 4 v & o v o o 2 « + & & 3-20 . >
: " n
i -t narmal atmoespheric potlution in varlous arear . . . . . . . . . 3-24 .
t v Yariation of concertration of dust stoim with ; f,
} rreasme altitude . 0 L . 0 s s v s s e e a_ e e e e e s 3-24 AN
L it E
' et Snrface wind velocity reiaied L0 moving dust o ;1
warticles L 0 L0 0 0 0 L L o oL s 0 s e e e o e e e 5-25 : v
7 xxi B :""'.__!
‘."
- V. r:
Wk
= . 0oy
e AR Y L g e T Y g AT




b B e Len. - ooh A .
N ’ T e I __j.:'-, :y\‘ P el WH-—-Jo ¥ PR 1. A N R A TP S
vl e
, ait. |
T
¢ . ey S
. Wy
{ ;:'_i S
’ ‘!-' :_ ;
: RN
LIST OF TABLES (Continyed) SR
v A
. ] Talle Page
‘ n-11 Heat absorbing capacity of air @ various altitudes . . . . . . o . . 3-20
B oo Pichebility of meteorite or micrometeorite hitting
i 1000 12" of suiface, and its penetration of aluminum , o, + . . « , . 3-28
5-13 Convarsion factors for nuclear rgdxatiun data , . T T S 3-30
3-14 Relative radiation stabllity of elastomers . . . ¢ + + « « o o W4 . 3-30
3-15 Relative radiation stability of plastics . . & & -2 @ & 4 ¢ & o & 3-31
3-1€ Propertics of metals affected by radiatlon. . . .  « « , + + . . 3-32
, 17 Liffects i 1adiation on tensile properties of various =~ .
: Metals & v v h e ek h e s e e e e e e e a0 e e s 3-33
3-18 FEffects of radiation om hardness and density of various
3 B € 3-33
: 3-19 Reststivity of organic insulators after reaching equill- L !
brium of 41,750 ergs/gm-hr . . .+ . . & « « & 4 4 e 4 e e 3-34 t‘
3-20 Preakdown exposure doses of organic Insulaiors, ., . + « . . 4 . 3-34 s |
' 3-21 haiation stability of gas-turbine lubricants . . . . + « o+ o « . 3-38 \
3-22 Possible radiation-resistant alreraft greases. © & ¢ 4 v 4 o« s & 3-8 t
3-23 Passible radiation-resistant hydraulic [IUidS . « « & & o« « o o« o 3-39 w
. 3-24 Characteristics of fligint trajectory to produce ::'
- weightlessness of maximum duration for various N
VORICIES. & v 4 v v s e e e s e s e e e e e e e s 3-40 )
3-25 Possible cOmMBINZLIONS & o« v 4 v 4 o ¢ o 4 . e 4 4 e 4 e s 3-44 b
3-26 Qualitative relationshipe of coinbined environments, . . . . . . . . 3-46 :\}
3-27 Summary of environmental effects ., , , . « . . + - + + , < . 3-52 t—
4-3 Air Foree policy documents -- handbooks, specifications !
- and slandards, andreports . . . ¢ 4 s s e 4 s e e e e w e 4-2 <
4-2 Examnle of cnvironmental analysis coverage . . o + ¢« & ¢ &+ + o . 4-8 o
"o
5-1 Commercially available high-temperature materfals , . . + . . . . 5-3
W
5-2 Somie betier temperature-resistant metals, & . o 0 ¢ 4 . ¢ 4 6 5-4 iy
R | |
5.7 Specifichratsof tenmetals, o 0 . 0 0 0 e s s e e e 0 0 . 5-4 o
H-4 Some transparcnt 30)ids, o 4 v 4 . e 4 4 4 e = = @ e w e = 5-6 : : E.
. LR Specific heats of seventransparent solids . o 0 . . . 4 o . . . . 5-6 : :
R Cocfficie nts of lincar expansion in descendingorder . . . . . . . . 5-8 -
L7 Some hich-temperature characteristics of conductor : -
IMerAls o 0y s e e e e e e e e e s m 4 e e e e 5-11 i ;\
ner Redu-tion in wall 1noad for production alrcraft with ';"‘ ;“-q
varyving deprees of insulation, o . . . . . - . e 4 4 4 4 e e 5-12 IEEEP
. o
St El{cet ol intercompartment alr flow on compartment - L* f;;;
y fioor Reat iranster o 0 o v v e s e 0 e e e e e e s s s e 5-12 Aoy
Polotive thermal condnctvity of various materials at ' sz
. dupton o ely 150 F (685 C) e e e e e e e e e e e e e e e 5-14 SR
P 1 Lorvate oope rafure protection method . . . 0 o & . . ¢ . 0 . .. 5-20
& ¥
i n
| :
*. Lt
! .o
-
i . RrTEReTN FIL AT
b B ’ . ’ e L Lo A W, ol JORP I W 4 h T Wt":;f-‘&.’fmfﬁ" bRy ;'\'S
N . . . RS SRR e




T

S

RIS B . W . B i 15 ¢ € i i
L2 L
1)ST OF TABLES {Coa--;aed)
v Ik Page
17 Modull of elasticity, E, for varlouamaterdals . ., ., . . . . . . . 5-36
P I Mocgicients of viscusily for various liquids . . . 0 s 4 s 4 s 0 5-39
A BT Approximate hysteresis values for varioues materlals , . . « . . . . 5-40
=15 Characteristics of shock isolators compared to vibration
ISOl21OrS & 4 & 0 L 4 s v e e e e e e s s e s e 4 e 5-43
5-16 Resistance of natural rubbers to MICCOOTEARIBME o« . & o o + o+ = 5-50
H-17 Reststance of synthetic rubbers to MICTOOTEANISING  « 4 & o o » o o c.51
RS Funpas-inert materials o & 4 o & ¢ ¢ 0 ¢ e 4 e e s s e e . =51 . r
5~10 Fungus-nutrient materfals , . . o « - < 4 e ¢ 4 4 e 4 e e e 5-51 . &
520 Tinish applicationtable . ¢ o 4 . 4 e 4 0 e e s e e 4 4 e . 5-52 ’-:
5-21 Neiative merits of some hermetic sealing techniques . . . . . . . . 5-66 ::'
22 Embvdment compeund characteristics &« . 0 . & ¢ . . . 0 . . . 5-58 :'.r-
°-22 Troperties of some sllicone fluide . . . . . . o . . - . . . . 5-64 "
5-24 Shield thickness of various metals to achieve >
33dblosgat 1me . . . v 4 4 s e e e e e v e e e a a a 5-€5 -
Shiclding effectiveness of various metals at 150 ke, . . . « . . . . 5-65 7T 4 v\::
Contact spacing vs working voltage at various altitudes . . . , . . 5-70 ;:j
v 2T Ixnsities of a few selected e€lements, « + & ¢« ¢ o « ¢ » o 4 a2 . 5-73 L
5-28 Hail-thicknesses of varlous materlals & o+ & ¢ o 5 & o & o+ 5-76 ::}
fat Tuvrical sensing devicss for natural er ironments . . . . « . . . . 6-4 '_;-"»
€-2 Typical sensing devices for induced environments . . . . . . . . . 6-5 :.j
\ - “ame nuclear reactor irradjation facllittes . . . . . o o . . . 6-23 "i
L4 Some pamma irradiation facilities . . . . . . ¢ 40 0 e 0 s 4 . 6-23 L
L) Legend for Tipg.-6-35, . . . . 14 o 4 & o o = o o s o« v o« 6-26 l[
v Specifications for spuce researchfacility . . . . « « + « .+ « . 6-20 L
G- Speeifications for acoustic-mechanical vibration facllity T . . . . . . 6-30 '_’1
f-8 Specifications tor inertial dynarrles facility © .« o v ¢ 4 . 0 . 6-30 ; "'."!
£-a spacifications for thormo-mechanicarl'Cyn:umc facility. e e e e e 6-30 I*__:
Ly Capabilitics of Dynamic Analyzer, . o « - . « « & &+ o & & o » 8-31. . :ij
-11 Capabilities o! proposed military space systems test - S :-:‘:
feility o L 0 . L b e h L e e e e e e e e e e e e s 6-33 ool
n-17 Legeadfor Fir, 6-46 . L & & . v v 4 s s s e e e e e e e s 6-34 : j,:' o
Fo13 Testing facility checklist © v v awme 4 0 v @ 4 e a e e e e 6-35 3" L
o Test seqquepces tor ground support equipment, . 4 o o 4 o 0 4 . s 6-41 \::; g_:"
13 Test oeruonves for ajreraft and missile equipment . ¢ o o o & ¢ ¢ 6-41 ) .'.‘ ) "_.1
o
L
o ;‘
S ';\
xxili N ,, .::
R
o
. -uw:m.r..n.w';m{n._ o ) %tﬂ’:ﬁ;‘“r} ';é' |;§_



5‘.‘.” ‘ - i E S P2 § "..l—;— B A L T T
bily a
— . i .
\
: LIST OF CHARTS
Criart Page
1 Vibration environment at various igestions on ST
. turboprop transports8 . . . ., . . L 0 4 e 4 e e s e e e s 3-55
2 Vibration environment at various locatione on jet .
035 1 0 of - A 3-89
3 Viirration environment at varioua loeations on century
jot fighicrs e e e e e e e e e e e e s e 4 e e e e . 3-63
4 Vibrotion environment at vartous locations on e
helicopiers. o« o 0 v 6 v ¢ 4 ¢ 4 o a4 8 « s e r e 4 v . - B.74
L]
’ &
Li
L ~
1 P-
¢ .i"
\ hC
Kl ‘}'
-
‘Jl

1

A

»
Y

o

s
"

Y YKy 5 B Y * &

4 al

L S

]

AT

S0 S

SRS S

ol

» vl W
» o z ‘.'u
g i AAQE "
o ) ER Y
- N . R ."
- RS .

. -
.
)
T A AU L S BT S S SR e s R -
. .

w
B Ll
Yy r
P ).‘.‘4’.

-
]

h

!
o

e - P TR Y T T
.. i . . e ,.,",...._.‘.,1uap'nsu;~!-t!lrcnilxa-llxuuuv::l-unsq'?!ﬂ#!'?’“"!”’" Lt i o )
e o bl ARG 1v 3 S "ix. #

. #'3. 3

Lol

TN g i, HPDTORRTR O T T Ay

A

<Ay ¥ .
gt ) S
: i Rk g .

RS




t«iﬂ .

LI

DY -

8. _

acency in the desipn and development of equip-
went exposed to coldweather, In the same year,
a comprehensive pregram was injtiated to de-
termine world wide recorded maximum, miri-
reum and mean ambient and encloged comgart-
ment temperatures, The resulinshowed a range
from -65 F (54 C) to 160 F {71.1 C).

Iwringe the winter months of 1942-43, the
Cold Weather Testing Detachment and the En-
;rincering Division combined efforis and ran ex-
tensive testa at Ladd Field. The test results
showed that no combat or cargo aircraft in any
stage of development wouldoperate saiistaclor-
ily at temperatures below -25 F (~32 C). The
same aprlied to auxillary and accessory equip-
maut, ot aireraft and ground, All hydraulic
cyatems were unsatisfactory, including shock
struts, packings and hoses. It v'as common to
find that hydraulic {luid Jeaked completely out of
tiie systems, Aircraft and ground heaters were
unsatisfaiiory, not only Lecause of heat output
but 4130 because of general operation. Olls anci
iubricants solidifted and required considerable
researcii, inodification, standardization and im-
provenient {or cold weather operation. Screw
jacks, ball and ruier bearings, hinges, bush-
ings and entire control systems locked or be-
came 1nolerably difficult to operate, Improved
hoppers ara oll systems that would prevent sn-~
iner frorn necoming oll-starved were needed,
Qil coolers required extensive work to prevent
bursting cavcod bypassage of congealed oil into
the cocler cora when the engines started, Car-
buretor air thermometers were not provided in
most aircraft, and oil draing were not acces-
sible, It was »mpossible to kecp batteries warm,
and difficult to remove them. Ignition systems
wnuld not function at the low temperatures, and
starter motors broke down,

During 1941 and 1942, an extenslve program
wag conducted to determine the lubricant quali-"—~
ties necessary for cold weather operatfon, and
1o prodoes lubricants with_thece desired quali~_
tira., Thn new wgreases thai resulted from this
program vere used in 1942 and 1943 by bearing
wadacturers, gicase producerg and the Air. .
TLorce in all bearings intended for Alr Furss
uso, aswellasthose already in Alr Force stock,
Thousands of bearings were washed and relu~ -
tricated, and hearing problems were greatly re-
mced,

ixirine 1943, the Cold Weather Testing De-
trchimoent wag pinced under ti.e Proving Ground
Conanand, and was made responsible for serv- -~
we testing of all standard aircraft and equip-
ient. The Erginecring Division of the Materiel
¢ommand was inade respoasible for experimen<"’
tal and developmental (esting.  The program
at bad beyun in 1941 was accelerated at this
time Lo insurethat aircraft and equipment would -
cperate satigfactorily in all areas and during

Ui seanons,

In 1y, responsibiliticrs were agaln reorgan-
vt e Cowd Weather | esting Detachment was._
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shifted fromthe Proving Ground Commeand {0 the
Materiol Command, which now had the complete
recponsibility for cold wealher testing., Iow-
ever, the Proving Ground Command &till con-
trolled operational suitabilily tests, Tust re-
sults now Indicated that alreraft and eguipmient
were suitable for operation to about -40 F
(-40 C). The following areus, nevertheless,
were still troublesome: carburetor air heal;
oil systems; hydromatic propeller pitch and
feathering controls; cabin and cockpit healin;
deicing; oils and grewses; surface control gys-
tems; seals; responre time in hydraulically ac-
tuated systems; and low temperature starting.

Cold weather riments were ~nntnued
through the winter of 194G-47. The huilding
specifications had been written, and < tunv were
made for completion of a Climatic dsngar at
Eigin Air Force Base, Valparaiso, Florida,
after which Liadd Field would be used solely for
field tests, Cold weather testing then became a
part of the normal developmental cycle of air-
craft gystems, The aim was to provide satis-
factory operation to -85 F (-54 (), as deter-
mined by ths program conducted in 1941,

In 1051, the Air Research and Peveivopgont
Command was established, and the respunsibil-
ity for cold weather testing was included in the
responsibllities of the Directorate of Flight and
All-W eatlier Tesating group &t Wright Aur Devel-
opment Center, About this time, coid weather
testing, together with desert and special envi-
ronmental testing, was established as an inte-
gral part of aircraft development. Since then,
the All-Weather Testing Group has provided
valuable information, anduncovered deficlencies
in design and operation of gzircraft and equip-
ment intended for global operations, '

Nesert Tes\s

Just as the fatlure of the Germans on the
Russgien front {ndicated the need for cold-
weather environmental engineering, the trouble
that German General Rommel gave us in the
Sahare Desert provided the veasun for setting
up a desert test program, .

In the summers of 1942 and 1943, certain of
the then currently used aircraft weie inspected,
modified, lubriceted and inst-umrented and taken
1nto the desert near Blythe, California to deter-
mine thelr operating capabilities undrr ho

weather anu sand wad duet conditions, As a re-’

sult of the 1843 desert tast, it was delermined
that solutions were available to practically all
of the high temperature prchloms encountercd
in the desert, and that much future work could
be conducted In high temperature and sana and
dust chambers then availahlie to the Air Force,
As a result, both the cold weather and desert
test depign and development programs were put
into effect by H2adquarters Ajr Force: the tem-
perature range of -A5 to +160 F (-54 to +71C)
was gpecified, These were established upon
recommendationa of the Englaeering Division
of Air Materiel Command.
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dropiceal Tests

Shortly after the inilial desert test programs

werce completed, it was decided that other en-
vironments prxmarili‘ those associated with the
range of —65 to +160

investigated, Tropical tests were performad atl

Franvs Field Cancd Zone_during July, August .

and September of 1944, niuwever, the test period
was ot tong enough to make a thorough evalua-

tion, It was [cund that sQme corrosion took _

place, but what was experierc..d was not toe
serlous; however, it might have been more ser-
inus if the test period had been more extensive, _

(-54 to +71 C), should be ~~

During 1945 and 1946, the Tropical Science
Miaston, headed by Lt, Colorel Nimmo C. Tvson,
and staffed by many sclentists and engineers,

- used a C-54G and studled Air Force operaiions

and problems in;

Hawalian I.eland!a“w " Canton Islands
Fyji Iﬂh\u.;ﬂ PN New Zealand
Australia- N New Guinea
Admirally Islands Biak

In the case of armament, it was determined

which lubricants were the must effective under
hot, mof- conditions. adequate maintenance

. .. ?

pruvedures werc developed. Proper procedures ™ Saljpan  — 7 - Iwo dlmor L
for the care of hombing equipment were also Tt wTT re
cvolved during these tests, There were some Japan © - - ¢ China t
nroblems in photographic equipment, such as T o
condensation on the cameras caused by the air- Indo-China Sla.m *{: .
craft being cold soaked while at a high altitude __ g 00 o0 4. - Afri v
and then dropping to a low altitude into molst, - rica ~
hot tropical air, As a result, heating covers .. Brazil S West Indies "

were provided {or cameras to prevent conden-
gation. Alao, the vhotographic equipment speci-
ffcatlons were reviewed to provide for fungus
regirtance and fungistatic and fungicidal treated
materials, for corrosion proofed metals and for
yackaging, It wan found that some of the prob-
limsa wore czaged by supply, gince aparating
rroups were rct furnished with adequate infor-
mation or properly packed material, In regard
to power plunt equipment, there were noe prob-
lem areas that could be attributed to the tropi~
cul Climate. The requirement for rust preven-
tive hydroaulic fluid was also determined tc be
unrecesgary, sincehydraulic gystems were gen~ |
¢rully unaffected by tropical climate, In gener-
al, L was fourd that aircraft could operate sat-
1sfactoliiy uader tropical conditions with no
more than a normal amount of maintepance, .
Powever, the corrosion of aircraft structuros
was found to be a potentially important problem
wrea.

“Nhile ne serious problems were uncovered
i tL2 France Yield, Canal Zone tests, it was

Lelieved advisuble to pather more experier.ce L -,

tropical regions.  For this reason, it was de-
Cided that a Tropical Science Mission be sent to
G: many tropical areas where the Air Force

0,.0r3008,

Philippine Islands - Guam

Generally, it was found that storage condi-
tions were inadequate, and the majority of ma-
terial stor 1 out-of-doors was unserviceable,
Electronic <quipment was deteriorated beyond

" noe np rentar hy sithar malotura and funeug or
2€ or repuir Dy ellner maolsiure ang Jungug, or

3 L T

The mission made evident a definite noed for
research programs on the effects of weather,
mycological and  mlicrobiological agenis on
equipment. - .

[T

Outdoor Exposure Slté_g

Qutdoor exposure sitea ‘vere developed pri-
1arily to evaluate materials under actuai con-
ditions of werthering, Later, during World
War II, such sites were used for exposing equip-
ment that would have to undergo long periods of
storage, These sites were uiso used in attempts
to estabilsh correlation between the actua) ap-
vironments encountered in nature and iLose sim-
ulated in laboratoiles. The names and loca-
ticne of Government or Government sponsored
expusure sltes and other information pertinent
to each are shown In Takle 1-1.

Table 1-1. Outdoor Exposure 3itea

Date Climate and ~
Operating founded or Preaent atmosphoric RS
Test Site agency established status conditions Remirks o
- - - - -.‘
SE orec or '::‘
i topr e Contract Ty
F* -
Viasha Leporure Universily of Alasks, 1947 Active Arctic, ; )
site, Codleye, Geophyslca) Inatitute, Subarctic, —
T ba Collegre, Alaska; undor Rural :\.
| Alr Force contract 5
LY
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Table 1-i. Outdoor Expwaura 8ttes (cokinusd)

W

Date © Climere und
Operaling founded or Prosent _ «tmosapherio .

Tast Site agency establiebed atatuc conditiond " Remarks
Joint Fuii~tale Urited States Alr 1948 Active Desert Navai Parachute
acility, Naval Force and buresu of PR & A% o 1 Facility untfl 1951,
Alr siation, Aeronautica .., | Bural At that time be-
£l Centro, i oy N " [came 2 joint Bu
California et » Aer-USAF

operation.
New Mexico New Mexico College 1947 I Active Desert
Actinic, Laa of Agricultural end ,. | (Aridy, A e T, -
Crices, New Mocaaaic Arts, ‘- | Fursal .. )
Mexico School of Engineering, e e
State College, New o T, .-
Mexico; under Afr h o N
Force contoant F S
South Florida United States Afr 1988 Deactivated | Subtropioal, )
I xposure Shte, Force 1648 Rursl,
FEmbry Riddle . Beaczast .
Alr Basz, Cora' : L ) .
Cabler, Fleitds o
r . B PP ET 1ol
Navy or : R . S
Navy Contract - - B AR N
Arctic Test United States Navy, 194¢ Deactivated | Arctic,
Gtation, Polit Buresu of Yards and ~ 1952 ~| Rural, -
Barrow Docks Seacoast -
Fischers Island, United Etates Navy, 1946 Active ~ | Subtropioal, Or4anio materials
Miami, Florlda Bureau of Aeronantics - Rurxl, expoenie oite,
: o Seuocust
Hamjton Ruads United Stutes Navy, 1926 Deactivated | Teinperate, - | Oporations moved
Exposure €¢. Bureau of Aeronsutico . 1958 Urban, to Wrightsville
Naval Afr Statlon, 7| Boaconst Boach, North
Norfotk,Virginia “ AR Carvlna.
- . . - . i _—
Lakehurst MNayal United States Navy, 1967 Activey ) ‘Taruperats,
Afr Seifon, Hureau of Aeronautics ‘Rur=l,
Lakehuist, Yew — ==| Beaxoast
Jargey :
- R
Naval Civil Engl- Unitad States Navy, 7948 Active ™| Temperate, Originally
neering Nesearch Bureau of Yarde and Rural, established at
a1 Evalustion Docks Boacoast Solomons, Mary-
L3boralu.y, Port et land, Movea to
ftuenceme, Cali- Port Huewma {n
fornia — 1932, . i
Naval Materiel United Statoe Navy, 1941 Active Temperats,
1aboratory, Mare Bureau of Shipe - Industrial,
Talend Navai Ship- Besaooast
yard, san Fran- - .
clyco, Unllfornia
Navnl Material United States Navy, 19458 Active Termiperute,
Laboratery, Buroau of Ships Industrial,
New York Maval Yoanpast
=“hipvard,
Hrooklyn, New
York

1-4

erens ey et "'“'"T-"' "mﬂ ooy

--l" .".."I-"' . P 7-' "’-"F' A" “--

T T A
. 7y Yy ko dlggo .,

V7 AR

i)

S, s

Lol ol of

AR 'S l:;s_‘ -rs

o n

L Ve e R o S sl
|<"H l',‘»‘lg.‘gl..

ros o - TR
r~ 4R

X,

Ty
USRS

1

AR

* Py

ANEAANTTRE
Com z @ & "1

TEXY, 3,

g

b 3

r x> 3 =

~e"e N W ¥ = g
-

RALNENE O & gy

AAare

e



CAE I SRR S e e e

B T e R I Yt e

C e -—-:ﬁ;<h-—1-.- it AL B i € Rty S 3 WA, e N -l e b

-~ e P

-4
. R e
et nEAE J0EDE BeP

b ] [ . s
\
3 .
Table 1-1. Qutdooy Exposure Gitea (conﬂnueg)
) Dato Climate and
Oparating founded or Prosect stmospheiic .
Trut 3lte agency o3tsblishnl matua —conditions Remarks
I'rop'-ri Deterf- U'nfvoreity of Penn- Junz, 1944 Deactivated | Tropiocal, - OSRD contract
oration ‘Ten; sylvania; nuder - July, 1946 Rural, trunafervad to
Station, Barc ¢ Office of Solentifio ' : Seacoast Nava! Research
Colorats "slong,; Resesrch and o Laboratory
Panama Canal Developmont - Deceraber 1,1945.
Zona .
Tropical Expo- Mavai Reserrvh July, 1946 | Deactivated | Troptex]l, ' |Fort 3nermen
sure Station, Laboratory - 1953 Rural, Military Resarva-
Fort Sherman : Beaconrel - jtion oloard hy
Milita:» Resarea= . ‘1 Army in 1953,
tion, Panums: . e
Canal Zoan - . e
Tropieal Expo- Naval Research 19853 Active Tropiockk, Faoliltles rvai)-
sure Sitt g0 Laboratory » "« | Rural, -{able to all -
Solo, Tt Beaoosnt tary sgonoies or
Cana- ' ' “|tholr contractors,
' Domses jungle, - | For inforinsatiga
op4n olearing, joontsot D.A. _
< vl § aezslwre and | Alaxunder, Naval
hrats availabls - I Rewocoroh Labo-
as sites, tatory, Washing-
, ton 26, 15.C. i
1 ropical Corro- Naval Ressarch 1940 Active Tropdeal, . .| Gtarted hy Pen-
={on Lahoretnry, Laboratory : e b Uzhsn, - - (] ama Cenal Qumu- |
panama Caral feaconat, "| pany. Oporazion
Zone Bites ut takon over by
+ § Celon, Mirn~ | Nival Reassnrch
flores, Fort Lalauiory
Amador and November id, ke
Gatun Lacky X054, ~
Army v L : o
Army Contract Al )
Aherdeen Proving United States Army, 1919 Actlve Temyarato, Wogt pypomirn ,‘;;, ::
“iround, Aberdeen, | Ordnance Corps . Ttural . resiing dons uincoe LS
Larybae : World wWar 11, ' Vt, {‘L
. o e T
Arry Ar oo and Unlted Slatea Arm;, 1949 Active + 1 Arctic, - 4 o
Mountain Tiaining | Engincoring Corpa v ernide, Wil
Center, Forl Ruratl o T /'l b
tireely, Aliska . R
o
Chemluant Co-ps United Stnten Army, Unavsilabhle | Active Tamparature, 3(} ;j
rngineerieg Chermical Corps Rural, Lo e
l Command, Army Seaconst -
Chemtcal Lenter, . .
“Taryland ) ’ v
-}
T opplreer Researcn | United States Army, Dosignated Active Temporale, Prior to 1847 e T
i Pevelopment Engincering Corpa ERDL on Porel ERDL was Fngl- o
i aboratory, Fort Murch 6, ‘ nzer Board P
Pelvcir, Virginga 1947 Proving Ground, e :-
Firat Arctic Test United States Avrmy, 1646 Aotivo Arctio, Bub- Dageused forvari- |'. '
Center, bart Engineoring Corpy arciic, ous Arctio winter g 1
i tarchill, Cannacda - ~- -Runl. exnrcines (1945~ "
Seaconst 1848) bofore por-
manent tent centor o ?\]
o - o _ § was estriliahod, : j‘;
\0’}‘
. - - 1-5 T
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‘Lhe: test requirements, such as temperature
were under review at intervals {rom 194
through 1850, but investigaticn always proved
them sound. The temperature requirements of
-€5 to +169 F (-54 1o +71 C) were fairly appli-
cable to all atrcraft, becausa thelr operational
b6 and airitudcs were nothigh eaocugh %0 in-
duce any wemperatuiys above 180 F (71 C) or
below 65 F (-54 C)., High temperatures were
based primarily on compartment temperatures
of the alrcraft parked in the desert sun. In late
1944, however, it was found that there was a
need to establish extremo tempereture atmos-
phcres fur use in the design of alrbreathing
equipment, and In computing aircraft an¢ en-
gine posicr~ance within the rangesof tempera-
{usoZ 1 was also noted that such atmcspheres
could serve as baselines for predicting future
environmental requirements, This work was
fuitiated by Wrlght Alr Development Center and
resulted in the development of hot, cold, polar
and tropical atmospheres, which zre described
in a Wright Air Development Center Memoran-~
dom, Report WCSE 141, "Proposed Slandard
Cold and Hot Atmospheres for Aeronautical
Destgn dated 20 June 1952, They are also de-
scribed in MIL-84D 2104, "Climatic Extremas
for Military Equipraent,” and in the "Handbook
of Geophysics," which was gubllshed by the Alr
Force C2mbridge Research Center. The almos-

pheres ar. presenily tiv respunsiviily ol Aln

Yerce Cambridge Rescarch Center, -

The estchiltghment of the atmospheres pointed
out that altitude temperatures considerably be-
low -65 F (-54 C) could be encountered. How-
cver, at that tile It was realized that the aero-
dynamic heat rise from the speed of mest alr-
craft, except possiblv cargo aircraft, and the
heat rise generated an the aircraft from heat
productag  svipment, vwould probably ralse the
mternal temperatures high enough to eliminate
any necessity to get low temperature require-
ments below 65 F, Experiments widh a number
of aircradt provided Increments of heat rise for
tmany cuteroriea of nquipn!nnt_, and were AuUDer -~
tmposed ob the cold and hot atmospheres, It
was est; v lisned that the -65 F would Lie adequate
at anv airtemperature, Meteorological fRurreys
have boen performed, though, which have shown

Table 1-£, Predicted Future Temperathires

-T

that it is elther too high ortoolow, depending on
the cholceofdata, Many years' experience ‘est-
ing to this requirement have, on the other hand,
pointed cut that it i» realistic. .

The high-temperature rejuirement, however,
became unrealistic. iIn March cf 1854, a study
of future temperature requirements exirapolatea
to 1985 found thut the high-temperature require-
ment for such vehicles as fighters bomberc and
missiles could no longer be established on the
basis of high-temperature requiremenis on the
ground. The extreme speed of future vehicles
was eapected to produce an aerodvnamic heat
rise considerably above 160 F (71 L) ‘That es-
timate of future tempevatare reguirements is
presented ro y In Table 1-Z, ... uhould be
noted that insulation in tha vehinle Loes have an
effect on the temperature, aad this particular
fnroblem will be treated more completely latar

thie handbook. ..

Couwnbined Environmental Testing

In the period prior to 1854, there were some
atlempts made to perform environmental tests
in combinatior, These, towever, wexe fairly
eimple combinations, such as tempecrature-
altitude, high texpuarature-humidity, low tem-
?erature-vl rg.ion and the like, In early 1954,
Wright Alr Developimaant Conter ialtialed a ro-
quirement to investigalte the feastibility of com-
binad environmental tiestlng for qualification and
oquipment cvaluation purposas. It was intended
to Investigate more complex co mbinations nf en-
vironment:. than simple combirations of two, and
to use the misplon proftle approach. It was ex-
pected dhat naay combinations of both natuial
and induced environmenta cnuld be evolved, and
thai one combfnation might be produced that
would have the worst sel of interacting environ-
menta, The work was pirisrmed by American
Pouwer Jet Company, Ridgefield, New Jersay,
and was comnpleted In September 1956, This
gave impetus to combined environmental test-
ing. Combinations were evolved from & mission

rofile approach, and the | rospactr of simulat-

g such combinations were analyzed. No effort
was inade to determine the conlidince of such
environmentzl teata,

Clane

. Tyve of equipnent

Tempurature step, F (C)
1956 | 1860

e

1805

external gtructure

inaulation

N Electronic eq@uipment

A Legpi'panent directly exponed to ram air, or

B 1 yalpraent In 1solatod sroas and uncoolod
compiitmenis protectod to some nxtent by

C Leutpment protected by cooling system

284 (140) l

500 (200) 680 (471}

239 (122) as50 (177) 600 (260)

160 (71) 225 (108) 300 (14v)
230 (110)

-

300 (148) 375 (181)
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In May of 1957, the Deveclopment Deaslgn
Branch of the Aerial Recunnaissance Laboratory
uf Wright Air Development Center initiat:d an
experimental dynamic analyzer, A feasjbility
sull-acale model was hullt in the fall of 1957,
This facillty integrated corbined environmenta
with the functional aspects of the equipn.unt
betnp eviilod.  For instance, photographic.
egutpment could be exposed to & comhined en-
vironment of temperature, vibration, roll
pitcl, and yaw, whilc phologruphing a stmulated .
moving target, This new concept of testing prac-
tically eliminated the need for flight. evaluation
testing of acrial reconnajssaance systems. The .
design of anew grpace oriented dynsinic anolyrar
hus been completed and the analyzer is being
built ai ,eroraatical Systcr.s Division (formerly -
v/right Air Development Division) under the
cogn ~ance of the Design Techniques and Analy-
519 Scetion of the Eanvironmental Diviglon, En- -
gineering Test Directorate, Deputy for Test and
Suppert,  Another state-of -the-art advancement
in combined environment testing is the test fa- -
cility asscmbled early in 1958 by the Aero-
Accessories Laboratory under the aathority of

the Alr Rezearch and Development Command's .-

Ballistic Miaside Division, This is the first
larpge t~st facllity where, to the combined en-
vironments of sustained and vibratory accelera-
tions, othcer environmental parameters, such as
extreme ten heratures, aliftude, and nolse, may
e added cldier singly or in combinaticn,

Araound «Ictober 1958
conduct 2cuziional combined environmental tests,
A contract was let to United Btates Testin
Cormpunry, Hoboken, New Jerrey for study an
test work to deter nine the coafldence level of
combined environmental tests in relation to
single environmental tegls for various cate-
gportes of e~alpment. It is anticipated that more
concentrated effort will be expended along these
lines in the future, The single ervironmentz!
tzs8t will probably still play an inwortant part
in the research and development p ase of ma-~
teriais, components, equipments, aud subsya-
tems, aid combined environment testing will
play 2 o8t tUmportant role in qualification and
redability tesiing,

Hyver Eavironments

Iu early 1955, consideration was given in the
nvironmentatl Criteria Branch of Wright Alr
Developmient Center to the need for reproducing
hyper environments, In April 1956, work was
iiated on a preliminary inveatigationof hyper

envirenments and methods of simulation. It
was 1ntended that this work should investigata
vitviroaontg occurring in flight vehicles at
alttude s albove 75,000 feet, define these en-
vironments, anticipate effects, develop simula-

Hon eethoda, and evolve a hyper environmental
test facility, Ihe work, performed by RCA,
Cambon, New Jersey, was completod ﬁy Jan-
uaty 1958, the first report, which described
hvper cuvirguments and thelr affects, was avail~
e by July 1957,

1
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funds were provided to~
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The lgunching of Rueslan and Anerican
satallitas emphasired the posalbility of space
exploration and focused attention on a need for
ma‘z;fa specific knowledge of the gpace environ-
ments, = _ . .

.
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Nuclaab Environmeuts

Nuclear enviropmernts hecame important
with the initiztion of the nuclear bLomber in
Augual 1854, The environments provided by
the reactor spectrum, consisting primarlly of
neutron and gumma radiation, could offect man
ay well as mnieriaie and equipment, Nuclear
radiation was r ized a8 an enviconment

supertmposed upon the other envim.mwonte, with

posdible {nteracting, reinforcin;: anc inibiting
efiecis, At that time, work was already going
on to build reactors and hot cells to study the
effects of nuclear radiation. Gevecal industrios
have been engeged in the nuclear propulsion
gemgrmn to bulld reactors. However, the one

ing buiit at Wright Air Development Divislon -

18 one of the first t» recognizethe need for sim-
ulation of other environments in combination

with radiation, A study was mado to determine -

the Interacting, reinforcing and inkibit en-
vironmenta that mey be encountered in future
nuclear powered vehicles, Many of the results
of the gtudy were incorporated into the reactor

teat cellg belng builtat Wright Atr Development v

Division,

e

”

Future Trends )

Considerable research is slill required be-
fore an {dea) environmental test procedure wiil
be evolved. The interacting and inhibiting ef-
fects of both netural and induced environments
and their combinations must be analyzed and ra-

viewed, aud from this point we must evolve test .

procedures to cover both materials and varicus
categoriss of equipment, .

Y ahamndnwer banblne cna ouewwantis: naracdioaed

LINIPIA RAAL T AURILILEK) A7 WA A Wiise ] A mA ey
suffers {rom the problem of inadequate correla-
tion between the effecta of test envisonmanis and
the effects of actual service environments, To
keep tosting time within practical 1imits, a lab-
oratory terl very often requires increared se-
verity of an environment over that which would
be encountered in actunl secvice. This results

in rccelerated deterforation effects, The conli | |

denve of such a test depends upon adequate cor-
relation of the time duration and severity of the
test environment with the expected time dura-
tion and meverity of the actual service environ-
menl. To Improve correlation, work is cur-
rently being conducted in the developiuent of
gtandard environmentul test specimens, These
are devices that react irreversibly in a known
and preaictable mannor wher subjocted to a spe-
cific environment, It I8 uxpected that in the fu-
ture thege standard teat specimens will permit
the deterloration elfocts of envirunmental ex-
posuire to bo more exactly evaluated (n terms of
ducution and intensity, :
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I ti ¢ past, test procedures were evolved by

aratration and experience, plus some resewrch
andd «xperimentation, In the future, however
Lt hvper and combined environmental test
wecedares will be founded primariiy on sclen-
tii. pyvinciples, For this reason, environmental
enpineeru,, Lae become 2 separate field of
saicntific endeavor., It I8 liicresting to note
thai a program that bepan with such elementary
reyuirements as cold weather operation, in
which practically anybody could either walt for,
t1:ivel to, or reproduce the environment hy the
e of a wooden nx and some dry {c¢e, has
reached a point of complexity that involves a
nuclear reactor with envircnwental charabers,
as well as advascod hyper enviconmental cora-
bined faciiiizs. Figure 1-1 gives anindication
«f the environmental program of the Air Force,
Interest is in both the conventlonal and hyper
environments, single and combined, and in es-
tabir:hing requirements, test procedures and
new facilities tnn a)l technical areas., Consider-~
able work has been done with the single conven-
tiona) environments, but there has been little
v.ork done in conventional combined environ-
meats, primarily 19 the equipment area. In the
hyper environment area, only a small amount of
work kasg been completed, but much s still In
pruccess.  Single hyper environments will have
to be understnud, but combinalions can also be
gtudied. Hence, the*ransition to combined hyper
environments will not proceed ag slowly as it
did in the conventi~al environmental area.

Environmential engineering is also imporiant
in the davelopment ol satellites and space ve-
hicles. Environment:: near the Earth and on the
Moun, Mare, Venus, and other planets, as well
48 fnanterplanetary space, must Le understood,
The atmosphere of the planets andthelr weather
mus! be deterannes, These envirGhments must
then be expressed as design requirements, ang
the expression inust be simple and easily under-
stwod,  Then, facilities and test procedures for
compe; ents, eeuipment, subsystems and flight
vehicles must be evolved. -

The ultl.nate need, of course, 18 a facility
and test procedure of some environmental com-
binution that wewd provide in one facility and
in une test procedure actions of all the inte-
gratey envronments, This would allow evalua-
urnol soslens waeh more rapldly than we are
able e accomplish today,

Fipares 1-2 and 1-3 show the p,ogress ol
cnvironmental engineering, both past and pro-
jotted. Yipure 1-2 indicates the relative ad-
vanoes mpde in the various areas of environ-
mentdd eninegring, as well as the time at which
the different environmenta becaine important,
Puyire 1-3 shows how the types and geverlty of
ey nments encountercd have changed, and
heva th ey will change even more in the future, an
nesa andd impmvvj flight vehicle systems are
ey e

L. suraary, environmental engineer'zz har
o dihnomuseryvice engineering problem into

Sk obaldd N D00t R S i ey« . .~ PR TR T T iR AR R W AREEAE b M oyt Bt st o0

T

Conventiona! Hypar
Environments Environments
Single  Combined Single " Comhined '

App!
= ' vl
(_ Tast o !
Design Requirements o Tast
Requirements and ) Faciiities
Procedures ;
- Technica! Areocs i
Materials [Equipment Structures Flight
. D Vehicles
Compcnents Propulsion

Fig. 1-1. Alr Force envircnmental progrem,

a complex research program. In reality, the
history of environmbdutel engineering is only
now beg.nning, - a i

- -

-GENERAL PHILOSOPHY ¢

~

The Alr Force (8 intercoted in obtalning high
quality, reliable flight vehicles und support
equipment at the lowest pogsible cost. This !a
a challenge facing the Air Force and the entire
tnduetry supplying the Alr Force., As flight ve-
Lizle migejons becoine more complex, 80 G4oO the
envirouments, the vehicles, and the job of at-
taining operational reliabilify. Whils the job of
attaining operutional -reliability is not eniirely
environmental engineericg in nature, wn fn-
creasln;gly large portion of 1t is, In tre egtrict
sense of the word, even stru.ture and wind tun-
nel testa are environmental in nature, though
environmental engineering has avoided reference
to these tesls as environmental. The groatest
application of environmental engineering is In
the development and qualliication of materiuls,
componznts and equipment that can wit:stand the
eavironments,

—in {ormer years, the Alr Force evaluated
materials, components, und equipment, both for
government-  and m&urstry-dcvoloped ltems.
This was done because performance and
requirements were more genevally appli-
cable, With the coming of jet alrcraft, misslles,

1-9
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Percent Cuapabitity
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100

Lo_v’Tompora'uu
30| sHigh Temperature

fcing -
Nuclear Ruglation

== AL identificotion R
... B« Definiiion o~
C. Simulation

- .- ° , D. Application
’ . .. E. Environmemat Capaoility Index

/ Song And Dust Acoustizs
- Vibration Greater Extremes of Induced Environmaents
oy Solar Radiotion Magnatism .
20} Low Fressure Hyleorcids -
N.cisture lonized Goses M .
Shouck Combined Encironments )
- Accsleration Dissoclution . ., - ‘e
- Fungus Zero Grovity ' L o
Salt Spray Charagad Porticler ‘
. . .
ol— ExplomoJ Avmmprwul R Planetary Ejr."sﬂ"%“?t s .
4 46 50 54

58 62 66 70 74

Year Vi

Fig. 1-2, Capability trends in environmental engineering, ™ °

and their assoclated complexities, requiremersd
and performance had to be taflored to specific
vehicles, With the advanced vehicles of the M-
ture, ¢ mplexity will a%il) Lo increasing, oo will
the varicty of environments and the problems
of aitaisim; owperational relublitty, The Alr
Foree, then, will still be evaluating new materi-
als and coruponents, but the bulk of qualltying
and developing new equipment will f$ on the
shoulders of industry, the equipment area,
the Alr Yorve will vontinua to initiate develop-
mcnt ot new typeg and concepts, and may test
vome of the concepts; however, {he Air %orce
will nut eniyre to any great extent directly in
the qualification and testing of equipment to be
placed in production,

Environmenta!  engineering 18 actually a
serics of regdrements that are applied in all
yha-es of system development, from the Initial
cherce of materials, to the ultimate system
mfepration,

Muteridds Byvduaon

thew mraterials are conctantly being evaluated
to pa nular preperties needed in the future,

and under environments expected for future ap-
plications. Extreme temperatures, iuclear ra-
chation, short wavelenyth radlation and vacuum
are a few of the environments that muctbe con-~
siderod in matarials evaluation.

Electronic Components Evaluatic:

Electronic components ara developed for a
variety of usos and must be tested for operation
urder all possible environmants. They are

iven qualification teats wnd reliability teste,

th of which inciude eavironmentsl testing. * . .,

Equipment Evaluation and Qualificaticn

In the development of equipment, many enyzl~
neering teste are run under euvircnmental con-
ditions that are necessary to jaoper develop-
ment of the item, This le general ycon;pictcd
with the qualification test, when ana if the ltem
is to go Into production, This latter test 18 also
predominantly environmental In nature, pri-
inarily hecause of the operatiorai characteris-
ticg. The prcject engineor geis ap the test pro-.
gram and, in gevneral, sciects teats from a va-
riety of environmental test specificativns.
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! gaipnent Reliability Category ITI Flight Teat

Sumetime near the end oi the development The 1irst end item test of a complaic weapon St

. vhase, an ilem  oyuipiwol o Lequidsd WO yatemw ic the category D1 flight test, which in- o
underge rellability tests. Theee tesnts are run udes cold weather fleld tests, desert -tests, .. .:%

w.2or specificd environmental conditions, which icirg tests, adverse flying, uPecl:u high per- Rt

do not necessarily represent the exireme np-
crational environment, Thesa tegts are run on
"lots: ul *ome o assure a statistical pupula- Oporational Use
1ation and a probability wiat the squipment will

have an acceptable mean-time-between-fallure The real test s c:goratlonal use of the flight

forrance teats and uperational suitability tosts, !

)

|

rate, vehicle, Aircraft that are recoverable give ",'
|

!

1

i

much {nformation, and ailow corrective action
through the use of an unsatisfactory report and
gervice engineer channels, Th;s is not the
case with unmanned vehiclea, The operaticnal
phase, particularly in IRBM's, ICBM’s and sa-

Production 3ampling Tests (Quality Control) .
- tellites, 18 essentially a highly instruwented B

Txiring produclion, it 18 customary to use
statistical sampling (one out of ten, one out of

test flight, The IRBM and IC will i oneia-
tional for only a short period, and no Cursective

filty, or some other figure established by qual- actioncanbe instituted onthose launched. Never- S LY
ity control) to ascertain that an item still meets theless, telemetered data will be available for ap- e
the rigorsus performance and design require- plication on succoessive venicles, Tha sntellite ‘t,’;;
ments of the criginal qualliled item. These and space vehicle will, for a long time to come, Y
sampliag tests Include some environmental he essentially a test vehicle. Actually, they are B
testy, « /sironmental resecrch vehiclea, ' T
. ~ — - .. : ‘:"'-a:'i;i
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CHAPTER 2 i
' !
' ASTROPHYSICAL FACTS AND ENVIRONMENTS Ty
i
S
The natural environments imposed on a humber of wavelengths thit can be identified by ,,.'if.?‘ T
: weapon system depend on where and how the the pattern of lines of tne #pectrum. If the lines T g
: cystem is to be used. Envirouments differ a are displaced toward tbe violet end, or chorter - -3
preat deal 7-on cna geographicel locationto the wavelengtha, of the spectrum, the slar 18 ap- ‘E
next, 2ne also frora one level of aerospace to proaching the Earth, However, if the izug Lie N
the naxt, The weapon system itaelf comprises displaced toward the red end, or longer wave-
. ' nuny components that nay be located indivi- lengths, the star is receding from the Earth, !
dundly in diffetent environments for a single The spectral displacument 18 known as the red
mwission,  Also, during some missions, differ- line hydrogen shift, The amount of displace- 3
ent pieces nf equipment will probably encounter ment i8 pmyortlonaltuthe speed of approach or . g
different extremes of environments. The {light recession of the star, D
vehicle may be subjected to severe environ- ’ "f
moentul shocke by guing from one extreme of an -Thore is aome indirect evidence for the exig- L ;
. environment to the other inashort period. With teuce of other planetary sysiems. However, =)
vround support equipment, though, c{;gosite ex- . with our present state o! knowledge, commu{u-
tremmes of environments may only encoun- cation with such planetary systems 18 a matter s
tered over long perlods, and so the dvratton |  of speculation only. . "
problem is ot as great, Neverthelﬁess, it is
~iili vary Linpectant o consider. For inter- R
pranetary sys.tems, a wider scope of environ- SOLAR SYSTEM / L2, 415/ L™
mienmy must be ilanped foer. In space and on A
sonie of the planeiary bodies, different types of Tne Solar Byatem consists primarily of the S
evvironments  become  more Important than Sun and the nine planets, with their "‘“'12“5
othe~g, This chapter discusses the astrophysi- mgons, The nlne planets move around the Sun S
cal envirenments existing outgtide as well as in- in the same direction in simiiar plares (see -
gide the solar system that may be encountered Fig. 2.1}, and in nearly circular orbits, SRR S
by weapon systems, ) +
. Fwramn sy ) The planets and the Sun account for mnst of ,[
. WS /12 3 ) the matter in the Solar S8ystem, The Sun itsel! A
CALAXIFS /11, 2,3, has a diameter of 864 thousand miles and con- a3
Tlie universe stretches far beyond the Solar gblf':, ?’?Brt:::m 89 percent of all matter_ in the B |
System, Qur galaxy, the Milky Way, consists of * -
over 199 Leihion stars, interstellar dust and The four inner plmem! Mercury‘ Venus,

i sesus moterial,  The Milky Way is ohout -~ T ari i W 2 relatively il ChSS
10,000 to 710,060 light years in diameter (a bodlen.  Thev are Enown as the "torrestotal
Lioht yeur is about 6 x 1012 miles) and anproxi- p'anets. 'I'heynext four planets in distance v
mats ly 25 "’,‘;O .Hn-us;md. lizht years thick., The . t'l;e Sun- zre Jupite, Saturn, Uranus an-d Nep-
tan s an insiphificant star in this galaxy, and is tune. They ace lmt;wn a8 t_,he wajor, or glant
freated appruximately 30 thousand light years 1an;3t8. All four o these are relau:rely argé
i™:m tie galactic center, dies, belleved 5 be composed principally of
solid ice and rock cores. Very little 18 known

_.of the planet Plutg, which is farthest from the e

Sun, Besides the Sun, the planets, and their ¢
moong, the Solar System aleo containe aster-

Heyond our galaxy are countless other gal-
avees and chusters of galaxies. The galaxiea are

i throe nuan types: spiral, eliptical and {rreg-
ular, The Milky Way is one of several galaxies

in a small cluster known as theé Local Group. ~-Olds, comets, meteors and Inlerplanstary dust, .
\
Horooen is the most abundant chemical 4 Asteroids
tearoc s it s in the Bters themiselvas, Astrone - = -
s have wade use of this fact in determin- Tho asteroida are a group of bodies or plane-
1, the rachal velodlty and distribution of stars toids that orbit between Mars and Juplter. It is

.t ace, Hydropen andta radiation ln a limited ~@stimated that theré are hundreda of thousands
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Fig. 2-1, The solar aystem,/3/ (From Space

andboclk Astronautics_and Its Applications,
courtesy ol the RAND Corporation ;

of these asteroids, They are believed to be evi-
donce of a planet that never quite coagulated or
one thut diswmtegrated,

Most of the asteroids observable from Earin
nave dimensjons of only several miles, but a few
410 100 nmiles in diameter, The largest aster-
ord, Ceres, ir nearly 500 miles in diameter,
Some of the smaller asteroids haveorbits pass-
inp quite civuse to Earth,

Comets

Comets are loosely bound collections of mat-
ter that swoep into the inner rogions of the solar
system iruom ovter space. They have orbits that
vary in eccentricity and direction around the
Sun, On each trip around the Sun, the cometi I8
partially distenaed by light pressure and leaves
a'wake” or tail of small solid particles. Comet
tawls can be cxtremely long, at times even ex-
tocdimge 100 million miles, It 1s estimated that
tyncal comet masses, including the tails, have
A waentude of 1912 tons,

Lietootites and Micrometeoriies

Metenrites and micrometeorites, also known
as ab-arplanetary dust, are believed to be the
¢otprs resulting from the  dislulegraitlon  of

Y

comets or asterold collicions./8/ Meteors and
micrometanrs range In size from 20 microns to
a few meters, ~

A layer of micromoteorites extends irom the
Sun to far beyond the Earth’a orbit, and is con-
ceniraled in the plane of the Earth's oxbii. The
pax-téclee follow a path that gpirala in luward
the Sun. -

Meteorites generally have highly elliptical
orbitz around u.e Sun, distribceted along the or-
bite of the comets, A typicul meteor o bit is
shown it Fig,2-2, Estlmates, based on various
sssumptions, of the total amount of meteoric
material that ecters the Earth’s atmosphere
each day range from 25 to 1 million tuns. Rus-
slan satellite _daia indicate an
800,000 to onemillion tons per day./?7/ Meteor-
ites enter the Earth’s atmospherc ! axt:camely
high velocities, ranging from 8 miles per second
to t0 mlles por second, with their average speed
being 30 miles per second, Most of the meteor-
itic material burns upwhen it enters the Earth’s
atmosphere, causing a drifting of dust particles
to the Earth’s gurface. Data on the probability
of flight vehicles encountering meteors aad
micrometeo:ites ars covered in Chapter 3.

Temperature

The temperature of the solar corouna near the
Sun is probably about 1,800,000 F (1,000,000 Cg;
near the Moun it 1a about 388,000 F {220,000 C).
4

L) W T Aorn nma lamenlee

adss mnrn Al ~nnnn
e A UMIMGCL VML OD VA Dyl\v“ WVANLLAYED &d W AGL 5\-‘,
dependent upon the S8un’s radiation, U a epare
body dossnot receive any solar radiation or any
reflected planet radiation, the space body’e tem-~
perature may reach absolute gzero, For ex-
ample, Mercury’s dark side receives no solar
illumination and itg temperature 18 probably
close to absclute zerv, Figure 2-3 ghows the
temperature of a spinning sphers as a function
of ile distance from the Sun, The sphers re-
cetives heat only {rom solar radiation, The

catimate of

7

Jupiter

/

Metear Stream

Fig. 2-2, Meteor orbit./6/
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1.atio of the sphere’'s absorptivity of solar ra-
diation to emissivity of its own radistion i8 a /.
The estimated averare temperatures of the
plancts are also shown. If the body {8 near one
« the Flmcts, account must be taken of the re-
ticeted sola. radiation from the planet, of ra-
diatton from the planet itself, and of the elimi-
natt~~ e! golar radtstion if the body is in the
pPLanet’s soaon./6,8/

Padiztion

Radiotlon In space includes x-rays, steady
nitraviolet and solar radiation and coustalce rays,
xplorer IGY satellites, Explorer IV and Sput-
mk III indicate that radiation intensity increases
Ly a factor of geveral thousand between 180 and
975 iler oo the Earth, reaching as much as
10 coeiizens per iour, Tentative data from the
Pioneer 1 probe indicate a rapld decay of radia-
tion intensity with inrreasing distance bevond
17,00¢ miles from the Earth, In addition to its
steady radiation, the Sun delivers additional
short outbursty ol solar radiation during solar
flares, During these periods, radiation ievels
may ke 1000 times greater than normal./6/

SUN

With the exception of atomic and thermo-
nudear enorpy, the Sun is the ultimate gource
Of all usaide o1 me Of energy on ihe suriace oi
the Earth and cther planets of the Solar System.
More than 95 percent of the Solar System mass
15 concentraicd in the Sun, Its diameter is
464,000 miles; approximately 13 million times
laiger than the Earth, The Sun's density aver-
areg one {ourtl thatof the Earth, but at the Sun's
center the density is several times that of the
Earth,/2,3/ -

A prestare ot a billicn tons per square inch
and a temperature of ibout 360 million F (200
mdlion C) probably exist at the Sun’s center.
kn this atomic furnace, nuclel collide with tre-
swendous +-locities, and enormous energies are
rcleased. This enerry enesto the Sun's surface
where it e radiated into space,

b4
Some ol the known h‘i.rsical properties of gic
Sun are listed helow:/3,4/

Mean diameter 864,000 miles

Mass 2.1 x 1027 tons
Density (relative to water) 1.4

Period of rotation (average) 27 days
Inclindiion of equatorial axis 7° 10

Atmoasohers and Temperature

The Sun’s surface, the photosphere, s a gas-
ton envelope about 20 ratles thick, hs density
i+ very luw, being about a millionth the density

*toair on Larith,  The pressure in the photo-

s vere 1s only aboat one-fifth to vne-tenth of the
Both the density

Poorth's avy level nressure,

1000
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Disiance from Sun, Astronomical Units

Fig. 2-3. Temperature of a spirning Aphera
as {unction of its solar distance and Lurfaice
radiation characteristics./6/

and pressyre decrease with distance away from
the Sun’s surface. The average temperature of
the photosphere is very high, about 11,300 F
(6300 C), The temperature decreases through-
out the photosphere and reaches alow uf 2550 F
(1400C) at its topmost region. This 18 the cool-
ast region of tae Sun./2,4/ :

Cutside the photosphere i3 anciher layer
called the chromosphare. This la {he rerion
of great solar storms and extreme turbulence,
The chromosphere has a rarified almosphere
extending several thousand miles above the
photosphere,

Above the chromosphere 18 a very [aint coro-
na region extending millions of miles into space,
The temperatures in the corona are nnexpectedly
high and are believed to vary from 500,000 to
1,500,000 K In the outermoust portion. k-‘igure
274 shows the solar latensity distribution inside
the Earth’s atmosphere./2,3,4/ .

Solar Radiation ~

Energy leaving the Sun consists of electro-
magnetic radiation, and high speed protone and
other particles, The energy output of light and
heat 18 extremely constant, varying no more
than about 0.5 percent {from its average value.
The output intensity of ultraviolet radiation,
radio waves and charged particles, however,
varies considerably due te solar flares, which
%p:}u- to be assoclated with sun spot activity,

5 Bl

The solar flares discharge lmmense¢ energies
in a few minutes, It is belleved that this re-
lease of energy s dun to a sudden instability in
the fun’s chromosphere,/2/

Magnetic Field

The Sun’s magretic fleld 18 only slightly
stronger than that of the Earth, except duriny
sunspot activity, at which time local north and
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Fiyr, ?2-4. Solar inteneity distribution outside
Eartn’e 2.mosphere./13/ (From "The Space
Fnvironmert -- A Prelircinary Study,” ap-
pearing Yu Electrical Manulacturin

October 1458 courtesy of Conover wast
Techncai Publications Covp )

south magnetic polesin the aunspotg cause mag-
netic moments to reach values 10° times those
of lne Earth. At such times, the Sun’s magnetic
ficld mpy - 2ach 5000 gauss and would be expected
to extend well beyond Mercury and almost to
Venus, Howcver, the solar corona} which 18 an
eacellent electrical conductor, nullifies the sun-
spnt fields in outer space./S,é,B/

FEARTI

The farth is the third planet in distance from
the Sun. The average density of the Earth is
taren in reiation to the average weight of an
eyual vowunre of water; the density of its crust
varics frum 2.67 al its outer surface to 2,90 at
its lower extent, The crust .8 eomposed of ig-
neos, metamaorphic and sed:mentary rock, with
varying discontinuities down to its core, which
it composed of iiquid ntckel-iron,/9/

The tupography of the Earth i unigue among
the planets dueto fts vast oceans and widegpread
verctation, Mountados rise to 29,000 feet and
ocean depths reach 35,000 feet. Other physical
propertics of the Earth arelistedbelow./1,4,10/

Panstortal diameter 7220 miles

Vot dizmcter 7907 miley

gyl e e

o et — . ———— - + e o e

Volunie 256.9x 10% cubic
- miles
Mass 8.586 x 1021 tons

Density (mean, relative 5.5
to water)

Surface gravity (45 de- 32,1724 fcet/sec?
gree latitude)

Eacape velocity 6,86 miles/second
Albedo (fraction of total 0.29

reflected sunltght)
Maximum distance from 94,6x° 08 ;rues
Sun (July) )
Minimum distance from 0{.1x 10° miles
Sun (January)

Orvital speed (average 18,517 miles/

tangental velocity) gecond
Orbit Eccentricity 0.017
(departure of orbit
from the circular:
circle cccentricity = 0)

23° 17’

Inclination of the axis
(mean) - -

The Earth’s atmosphere, temperatura, weatker
conditions and types and quantities of radiation
are deacribed below, ‘

Atmosphere

The Earth’'s aimosphere canr be divided into
four zones: the troposphere, stratosphere,
mesosphere and thermosphere, A representa-
tion of these zones is given {n Fig, 2-5, The

W SR S WA 1O

Altitvge Zone
Milgs| Kilo-
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Fig, 2-5, Atmospheric zoned./11/
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Voooats weather is confined o the troposphere,
which i the domain of hiph winds and cirrus
clou-ds, The temperature decrexses in the trop-
osnhere ae a function of altitude, and is con-
3 red eomatant at 6.5 C per kllometer.,

The strawephere !5 consldered an isother-
neoal posion, ?t fs thickest cver the poles and
Uurecst, or may even be consldered absent,
over the equatlor, Stratospheric temperatures
are on the order of aretic winter temperatures,
Tnelower regines of the stratofphere contain the
Aucandoring jet streams and are turbulent./11/

The mesosphere aentaing the {irst temcpera-
ture meaximun of $71,3 K at a helght of 30
milez. At the top of e mesosphere s the at-
maspheric temperature minimum  of 205 K.,
The mesosphere also contains the Dionlc layer,
wlach reflects very low frequency radio -»aves,
There is considerable turbulence i the meso-
sphier2, and it i8 alsc the region where most
meaicors disappear./1,12/

The thermosphere 18 the domain of the auro-
rae and maenclic storms. It s algo a reglon of
rising toemperatures and heavy tonic densities,
v iiich exist in various layers, These layers are
known collectively as the fonosphere. The lonic
layers are the ), ¥, ¥; and Fp layers, Thelr
heighis and civeliun concentrations vary with
time of day, seaann of year and sunspot cycle.
Che lowest layeir, e layer, 18 found at a
bersht of almut 32 miles during the day. At
nicht It disappears and the bottom of the lono-
sphere rises to about 70 mitles, The top of the
foncuphere is nol wa defined but is assumed to
be ot a heipht of 250 miles, The heavy electron
densitiea (Fig. 2-5) cause refraction and reflec-
tion of radiv sirnals,

Composition

The. grincipa composition, by volume, of the
dry atmosphier: below 96 miles ig:

nt* royen 78.088%,
oxygen 20.249%
argon 0.93 %
carbun diordde 0,03 %

The remaining constitluents amount to less
tha. 00035, ‘The vertical distribution of the
ey .0 alimospheric constitucats o shown in
Liso2-0./4,1)

Qs

Q- Oy, 15 a form of molecular oxygen,
Ay nich-eneryy input to O, can cause the for-
st omoof O, Inthe Earth's high atmospheric
yecon ., ozone Is produced by Interaction of
v coendet p chiabon with oxypen,  The amount
of v e i the atiosphere iy a functioa of alti-
ta i ditude s eason of year and solar actlvity.
The vocimum concentration occurs at a belght
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~ Flé. 2-6. Vertlical distribution of major
atmospherlc constituents,/11/ .

of about 90,000 to 110,000 feet, and 18 about
eleven parts per million of alr./11,13,14,15/

The concentration of ozons as a function of
altitade at various latitadeys is given In Fig, 2-7,
Seasonal varlations at I'lagstaff, Arizona are
shown In Fig. 2-8. Thke ozone concentrationg
are expressed in terms of "cm O3 (8TP) per
kilometer.," This 16 the thickness of a pure
ozone layer, at standard temperature and pres-
sure, contuined In a verucnf column of air one
kilomnter in height./4/

Tabie 2-1 showB maximum ozoné concentra-
tlon as a fuaclion of altitude, As ghown, the
concentration in parta-per-million of »ir ie
higli at 130,000 feet, This is due to the changes
In the density of alr that occur in the ozone
region. The data presented Indicate that ozone
should be considerea as an environnent only
between 30,000 and 150,000 feet./15/

Atmospheric Electricity and Lightning

A diff~rence In electrical potential exists
between the Earth aand the atmosphere, The
difference averages gbout 120 volls per meter
but varies wlith locatlon, season, hour an
weather conditions. In good weather, the poten-
tial gradient i{s about 100to 120 volta per meter,
whic during thunderstorms {t may become
10,000 volts per meter or even higher,/10/

A llp,hlnlntz dischuarge can occur between two
charged regions, either within 2 thundercloud or
between 4 cloud and the ground. The [requency
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of d.achane withinacloudis four times greater
o discharpges from cloudto ground, However,
Pofore o diehtmny discharype can take place, the
potentiad pradient must exceed the aparking
valve, normally considered to be about 1,000,000
Vouls per meter o' mormal air density,  Under
severe conditionn, such as high ascending alr
curtent., which distort the electric fielq, the
Spachang value puay be as low an 3000 volts per
mete s, 414/ B

Trore are two fonag of lightning egtrikes or
discbarees, The first ig the steep-wave-iont,
bocth-current s chort-thime form, which prodaces
crplosre elvdis trovause ol the pudden release

-6

RN i

Tuble 2-1, Maximuin Ozone Conceontration

Ozone Rolative Oz.one
Altitude concentration density {parta per
(foot) (crn/kmy) of air million)
Geoa level 0.005 1.000 0.05
30,000 0.010 0.375 0.3
60 06C 0.020 0.163 2.0
7¢ 000 0.040 0.009 7
90,000 0.024 ¢.022 11
110,000 0.009 0.0084 11
150,660 G.662 G.6554 ]
150 0100 0.0005 ¢.00145 4

From "The Spaco Environment -- APreliminary
Study,” appearing i Electrical Manulfacluring,
October 1958, courtesy of Conover-Mast Tech-
nizal Publicativns Corp.

of high energy, The second form la the contin-
uous, low-current, l(m}',-uma ty’m, which re-
leases larpa amounts of heat durlng a long por-
fod of current {low./14/ A study of lightning
sirikes by British Buropean Alrways showed the
following distribution of strikes !n tho various
cloud fouring;

Cumulug 28,57,
Cumulus und curnulo-nimiug 13.9%
Cumwlu-nimtus 16.0%
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Fip.2-9. Daily variatlon of atmospheric
potentinl yradient tor iocations with dif-
foerent altitudes auove sea level./16/

Cumulug nd stratus 9.5%

Siraius 32.9%

the dadly ~arfation of atmospheric potentlal
rradient changes with location and altitude, as
thewn in Fire 2=9, The vertical potential izrad-
fent in the atmoeaphere varies tnrough the lower
layer of the tropusphere. Above the tropo-
rphicre, the deerease s 1ess rapid and gradually
diministien to a relatively small value, The
potentiai hide, wace between the atmosphere and
the Farth i shown m Fig.2-10.

I cosily

(ensny alstribution above 150 kilometers
(19 milen) §ad been based, until recently, on -
digect et cde of computation,  Ideas concern-,
ing hepeh wltltude density had been greatly In-
flus need oy an Isolate d measurement of density
atan altitude of 219 Kilometers (132 miles), ob-
taired during the Viking Hipht of Aguast 7, 1951
at Wiite Sandde, New Mexieo, This fllght pave a
salue of 1 x 10 S prams per cubic centimeter at
Sl kalometers, However, the three Russian
rals tes Lenchied in 1857 reported the fullow -
e density vadues at heights fiom 125 to 145
rides:; 1470 ’

Altitytle ]

Aptal 220 ki
Alphiad 220 kan
LARRI Y J‘ 234 ki

Thers 1 snme douldt about the densitics dew
teced by Alplaa T oaned Beta, since the densltics
et ed at using catlmates of the glze and

Sl | Al lule denslty
4.5 x 10713 p:m/cm_ﬂ
5.7 % 10713 pm/cmn?

2.2 x 10713 gun/emd

FPotsdom

masgs of the satellites. Although there s some
apread of the computed densities, the estimated
mecan valuen of densities derlved from all rocket
and satellite data trnd to lie on a smooth curve,
This curve 18 shown In Fig.2-11./18/ U condi-
tious appear critical, additional information is
available through IGY World Data Center A,
Rockets and Satellites, National Academy of
Sciences, IGY daluiiite Report Serler, Thin an.
rieg can be obtained froin the following source:
Printing and Publishing Oflice, National Academy
of Sciencen, 2101 Constitution Avenue, NW.,
Washington 25, D.C./6,18/

The average densities in slugs per cublc foot
ai various altitudes from sea level to 227,000
feet are glven In Tablea 2-2 and 2-3. The daon-
sities shown in the tables are for eact tz: de-
grees of latitude over North America for the
monthe of January and Julg', respectively. In-
cluded In Tables 2-2 and 2-3 are the stindard
acviation from the average densities for the al-
titudes shown.

Cold, hot, ar and tropical atnwspherea
provide useful climatic extremes,. The clima-
tic atmospheres for density-helght data in the
Northern Hemisphere are shown in Table 2-4,
As shown In Tgbles 2-2, 2-3, and 2-4, an in-
credse in temporature or a docrcaae in prea-
sure generally results in & decresse in density,
Since temnperaturs and predsure var; from day

60 {18
50 415
- 4
L H
-
- 40 I {12 _
= i
5 4 .
: 3
5 9 £
¢ 30 17 4
o. E
hY)
2
:'; 20 46
10 13
—/
’ J A 1 4 4 L -
¢} 100 200 300 400
Potential Relative 10 Eorth, kilovolts
Fip. 2-10, Poteutlal difference belween
Earth and atmosphere./ 14/
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to nieht and from place to place, density will are not certain; but they do exist and must al- f ;
viry accordingly. These varialoas of dansity ways be taken into account./20/ -
Pressure STy
’ - FRRE A
[ - Atmospheric pressure can be defined as the T
force per unit area exerted by the weight of the RN S
LoC! atmosphere, Pressure is usually givea Inmtl~ 5.7,
, llbara (mbs), inches of mercury (Hg), pound:; W e
- [ per square inch or pounds per square foot, To T
2y convert millibars into pounds per square foot, I By 4
@ multiply the miilibars by 2,088, and conversely, :
t to convert pounds per square foot into milli~ .
=z bars, multiply the pounds per square foot by .
5 400 0.47é8. .
T The standard atmospheric pressur= at sca ;
% . level {8 1013.2 mbs. Tke extremes of atmos- .
g 1ol pteric pressure thal may bc eaga.:cuced by .
ol | equipment durlng ground opcraticns are; 1062 '
o mbs maximum and 506 mbs minimum,. These My
A Y 200 extremes represent altitudes of 1300 feet below W
P gsea level and 18,000 feet above sea level, re- LSt
a spectively, at standard conditions., 21/ : - " %
100 Atmospheric pressure has lts lowest values s
at the highest altitudes, and it i8 important to TS
N \__;_‘ know the varlation of pressure as a function of e [N
ol e altitude from a geographical, seasonal and cli- S g
v a2 0 -8 -6 -4 -2 o matic standpoint, Figure 2-12 glves the pres- RPN
Log,,~ sure as a function of helght from sea level to NN,
Lenert Y 500 km, Aveiage E)rcssurea, us well as the R
ensiy. ng standard deviation of pressure, for altitudes be- o
tween 10,000 and 100,000 feet for varioug latl-
Iig, ¢-11. Density as function of tudes over North America are shown in Table i
heips., 18/ 2-5 for the month of Jaunuary. The same data L 5
- . - g 3
‘Table 2-2. Average Dopaiiy of & Siwriard Lovel Ssurface and Standard oy : :
- Deviation for Month of Jaruary /4/ — S w9
= . ..-
" Dennity for Manth of Jazuary (sluge/cu ft x 1_0") . I
B N L
L. situde (degroes north) . s O
r .~
I 20 Lo 40 ) 50 60 20 80 TN
AMitude Y (.
(fert) ‘for- tor- tor- s or- +tor- ‘or- +0r - (-
. — e f‘.
woee b agar | oozre] 17,34 Jo3as ] 17.65 {0514 117,96 0,758 | 18,18 0,814 | 26,37 [0.690 [ VR.45 | 0.625 i
om0 b 071 ] 1262 [0.270 | 12.56 (0,466 | 12,66 [0.659 | 12.68 10.699 | 12.62 [0.553 [ 12.6% [0.604 e
SR S . 4
* RURIN t«.n—t,—1 0174| w2 Jo2] 9.17 jo.3s9 ] 4.81 |0.466 ) £.45 |0.465 | 8.30 |0.407 | 8.24 ]0.370 -
o000 65 | 0aa7) 606 {o.214] 5.1 fo.252] 6.50 o270 ] 6.28 [0.270 | 5.13 [0.233 | 6.04 [0.204 ] Tl
L‘A"l~ "_- .
seonn | o401} vose] asn 037 361 Joade] 3.42 Joats ] 3,20 [0,137 | 3.17 ]0.115 | 3.03 |0.115 p T
b
(RN AN 0009 2.35 10.074] 2.25 |9.078 2,11 {0.078 ] 2,06 [0.096 | 2,00 [0.078 1.86 ]0.05Y ? Y .
Topanf 142 | 005 1,42 o059 ] 1.36 Joone | 1,32 o059 | 1.28 10,059 | 1.22 [0.059 | 1.14 ]0.037 4 '
v -
ro 00l g 0037 uRG5]0.037 | 0.83L]0.059 ] 0.814]0.08% ) 0.777]0.037 | 0.777|0.C37 | 0.659{0.037 t :-:
wepan ] oo LI 9002 0.0L3[0.034 ] 052210034 0.52210,034 | 0.504]0.034 | 0.448[0.025 0.426]0.025 ; .
v | o2l vaotz] ooesloots| oszvlooze | o.3zvlo.01s | 0.31]o.01a | 0.202|0.016 | 0.233(0.012 Lop
- pooora
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Fable 2-3. Average Densiiy of a Standard 1.evel Surface and Standard
- Devintton for Month of July /4/ -
1
+ Deasity for Month of July (sluga/cu ft x 1074)
i Latitude (degrees north)
- - -
w an 40 ~-50 80 - 70 80
Atitade .
(feel) +0r- ‘or- +or-~ +or- tor- +9or = tor-
H — -
10,000 § 16,97 0.115 | 17.06 |0.155 } 17.03 ]0.233 | 17.25 [0.329 | 17.37 |0.370 |17.63 |0.407 |17.563 {0.389
20,000 1 12.43 0.115| 12.43 }0.137 ] 12.53 ]0.214 | 12.74 |0.311 | 12,53 [0.348 12,63 |0.370 |12.53 ]0.343
10,000 8.h6 0.096 8.89 |0.137 8.89 10.193 8.86 ]0.252 8.80 |0.270 §.76 10,282 8.73 0.25?;
0000 | 607 1 C.oth| 6.k [9.006] 6.26 0137 | 6,00 0174 | 5.75 [0.174 | 5.69 [0.174 | 5.58 [0.165
orno] 1.0 | 0.058] 4.07 [e.078] 3.95 |0.078 | 2.73 Jo.078 | a.61 [0.078 | 3.51 [0.059 | 3.5z [u.eo5l!
toon | 2.48 0.037| 2.46 |0.037] 2.41 |0.037 | 2.31 ]0.037 | 2.25 (0,059 | 2.23 10.059 | 2.25 }0.037
70,004 1,45 0,037 1.145 |0.037 1.44 10,037 1.40 }0.037 | 1.42 }0,037 1,40 {0.037 | 1.42 |0.037
L0000 0.562] 6.019 0.581]10,022 0.64010,022 0.540|0.022 0.65910,022 | 0.755]0.022 0,83310.019
00,000 0.3 0,012 0.370]0.012 0.329|0.616 0.407{0.016 0.42810,014 0.485]0.016 0.544)0.012
1:;",n'm 0.214] 9.006 ! 0,233{0.006| 0.270]0.009 | 0,252]0.009 | 0.292{0.008 | 0.310]0.009 | 0.348]0.006
. L i
Table 2-4. Density-Height Data for Cold, Hot, 500¢ )
Talin wid Tivpical Almosplicies /217
450}
TRnsity (siogosou A 10'4) 400 F
Altitu le P~ - 4
ousay 350
(th ":‘;‘1‘"]3 Climatic atmospheres 3
g eopotential r"" £ 300 -
fret) Coid Hot Polar | Tropical ' s
] 250{
x F
10 1.5 | 1655 ]| 18.39 16,90 d 200F
' 20 128 | 121 | 1278 | 12,45 50F
. 30 8.6 8.6 8.6 .95 ol
L -
40 5.9 3.1 5.33 6.49 5of
Ly 4.4 3.6 3.51 4.22 rALAL;lJJ_l J ETINS S TS I W ) bt
— -14 ~2 ~I0 -8 -6 -4 -2 0O 2 4 6
0 2.i 2.2 | 2.5 2,53 Log,g ——*
. 0 va | 1| o127 1.43 Pressure, mb
‘e 0.7 0.8 .78 0.86 Flg. 2-12, Pressure a8 function of height./8/
by 0.5 0.5 0.47 0.52
| Jo 0.3 0.3 0.29 0.32 to pnenomena such as thunderstorms and fronts
— are excluded, Factors affecting the tempera-
ture of the Earth-alr interf{ace are;
o the gt of July are shown in Table 2-G. .
Alnponheric pressures {or eold, hot, polar and 1. Short-wave solar radiation and long-%avo
1 gl wmspheres are given in Table 2-7 terresiriui and simospheric radiation,
' ' ek ; ' such as albedn and color.
Toooprnatare 2, Mean wind spued,
The didy vaoidon of the Earth’'s atr tem- 3. Type of aoll and ground cover,
1w s fairly repular when variations due . 4. Roughness of the Earth’s surface,
| B 2-9
|
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Table 2-5, Average Preassure at Given Altitudes and Standard Doviation
for Month of January /4/
Pressure for Month of January (millibars)
Latitude (degrees north)
20 30 40 50 60 70 80
Altitude -1
(feet) +or- tor- tor- +or- +or-~ +0r- 1or-
10,000 | 7(7 k] 705 5 694 8 680 | 11 669 ] 13 662 | 12 662 9
20,000 | 483 3 477 6 463 g 4471 12 455 ] 14 425 | 12 425 | 10
30,000 | 314 3 308 6 307 8 282 | 10 273 | 10 265 8 262 I 7
1 -y
4u,020 ] 199 3 195 5 186 ;] 177 6 171 ] 165 5 i60 ! 4
650,000 | 122 3 119 4 114 4 110 4 106 4 102 3 97 2
60,000 73 2 72 2 71 2 38 2 66 2 63 2 59 1
70,000 54 1 44 2 43 2 42 2 41 2 38 1 35 1
80,000 27 1 27 1 27 2 + 28 1 25 1 24 1 20 1
90,000 17 v.7 18 1.¢ 11 1.0 y 17 1.0 164 0.9 14 0.7 13 0.4
100,600 11 i 0.1 11 0.6 11 0.7 11 0.6 10 0.8 9 0.5 i 0.4
Table 2-5. Average Pressure af Glvea Aliltudos anid Standard Deviation
for Month of July /4/
. Prossure for Month of July (milltbars)
- Latitude (degrees north) __
{ 20 30 40 50 40 70 80
Allituie -~
(feet) 4 0r- 4or- +or- +or- +or~ +0or~ +0r-
10,000 | 711 2 715 2 708 4 701 5 694 [} 691 7 688 6
20009 | ar7 2 482 2 485 4 474 [ 466 i 4aul 7 458 G
Jo,000 | 319 2 319 3 316 4 307 5 299 5 295 8 293 o
40,000 | 203 2 204 2 202 3 196 3 191 3 188 3 188 3
50,000 } 125 2 126 2 125 2 4 122 2 120 2 119 2 120 2
€9 110 7% 1 76 1 76 1 | 7 1 76 1 76 1 7 1
70000 ) oae 0.6 46 0.7 46 0.8 47 0.8 48 0.8 48 0.7 49 0.6
S URELIY 12 0.6 19 0.6 21 0.7 - 22 0.7 23 0.7 26 0.6 29 0.6
tn 0 12 .4 i2 0.4 13 0.5 14 0.5 15 0.5 17 0.4 19 0.4
10000 7 0.3 8 0.3 9 0.3 9 0.3 10 0.3 1] 0.3 12 0.3

The Earth’s albedo varies with angle of in-
cidemee of the radiation, the type of surface and

the
of a5 the
tion.

anmowunt of cloudiness,

It is usually thought

ratio of reflected-to-incoming radia-
vilue is about 29 percent,/22/

Its averar

Inarctic r

5, where perlods of darkness

by the prevailing cloudiness and surface wind

speed. In summer months
perature seldom exceeds 34r (o<

perature {s controlled by thee

the mammum tem-

In tropical reglons, the dallgf and annual tem-

ects of alr mass

changes, wind direction shifts and frontu! pas-

Edad " ol

and Lieht . ad for several months, the dally
variaton ol emperature is controlled primartly

2.10

sages, "The intensity of these weather distur-

bances generally decreases towards the equator,
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T.ahle 2-7. Presgura-Height Duta for Cold, Hot, in these tvo tetle2 arc for each 10 degracs of
Polar ané Tropieal Atmoaoheres /21/ latitude over Nurth America, Standard devia-
"ticns are included to provide an indication of
- the mazimum and minimum seasonal changeg
Pressure (1bs/sq ft) _that can be cxpected.
TAT e
thounnnds ... Cold, hot, polar and tropical atmospheros
( of Climatic atmospheros ‘provlgla exti-ex’;xe minimum gnd maximun‘z tem-
! reopatential )} I perature-height datz aswell ascther useful cri-
foet) Cold Hot Polar | Tropical ~teria., These climutic atmespheres are shown
in Table 2-10, The temperature-height curves
10 1414 1487 14)2.3 | 1486,2 for Table 2-10 are presented in Fig, 2-14./21/
Figure2-15 gives the temperature as a function
20 888 1013 915.3 | 1016.8 of height from sea level {0 500 km, Tempera-
ture data up to zbout 150 ¥m are fairly certain.
30 453 €c4 575.6 674.7 Above 150 km, however, the increase of tem-
perature with height may be much more v.;'d
40 376 103 56.2 432 than that shown in Fig. 2-15./6/
50 261 248 219.7 265 It should be noted that althou xtemgernture
is a measureof the average translational kinetic
60 156 158 135.1 56.5 energy of the particles that make up the at-
mosphere, it has different consequences at high
7 86 98 82.7 94.3 altitudes than it does al the lower levels of the
atmosphere, The lower atmosplhere consists of
80 45 62 50.6 59.4 molecules and may he considered a continuum,
. l At higher altitudes, the mesn free path of the
a0 6 40 30.8 36.6 molecules increases and dissociation takes
place, And, although the kinetic energy of these
100 JBJ 27 18.5 23.3 particles 18 high, an object placed in this region
It can be agsumed that, in tropical regions, the e T We A Mey b s A Bes Ot My Las
d-ily variation of tempeiature I8 practically I T T - :
constant from day to day and seldom exceeds sl —|
431 (60)./23/ ol
To iilustrate the Jdafly and annual tempera- -
ture variations for tropical, subtropical, de-
eert, temperate, subarctic and arctic regions, 30
yearly records from six climatolopgical stations -« __‘
. are shown ta big, 2-13,

CAWSON o YIA
deru,ilese
g

A ‘ew official temperature extremes around
the world are listed below./24/

Waorld s lowopt tomperature -117 I {-85 Tj,
Antarctica
World's aighest temperature 136 F (57 C), B Loues wissouns
L“Jja re t0te .
World's lowest average -30 F(-34.4C), b ' -
w sl teipreratare Antarctica U E ot ! A
. N
Vi Vs bighes average 88 ¥ (31 €),
ansudl temprerature Somalia o
ALk Tow st temperature =76 F (-60 C) -
Greenland's lowest 87 F (-66 C) _
te g rature A it ik LS g -5,
UL b st romperature =70 F(-56,7C), ""'7:'."_-'_:{:‘“ — R %
Mantana ! e
U. - Lgshest tonpeerature 134 F(570), o e
Califurnia Tt T "] T .: .
N o o1y ovee N
Viper-level average temperaturces for the .. -
boochs of Jemery and July tor vatinus altl- .y
te = p o 10),009) feet are sheewnin Tables 2-8 Fig. 2-13. Dally climatic extremes of H .

o Metrespechvely, The temperatures shown - temperature./4/.
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Table 2-8. Average Tempeorature and Standard Deviation for Month of January /4/
| ]
Avorage Temperature for Month of January (C)
Latitude (degrees north)
L 20 30 40 50 f0 70 80
Altitnege N
{feet) tor- +ok=- +or- +0or - +or.- i or - 40f-
10 000 9 2 2 4 -7 5 -17 7 -24 7 -29 b =30 5
20,000 | -10 2 -17 4 -nd 5 -34 7 ~41-1 6 —A5 4 47 4
50,000 5 -4l 3 -40 3 -47 4 -52 5 -54 & -57 4 S | 4
406,000 ~54 2 =56 4 =57 5 -55 5 =55 6 -56 6 58 [
50,000 69 1 ~65 4 -60 4 "] -58 5 -5571 @ 56 1 =57 6
60,000 | -71 3 -66 3 60 3 | -56 4 ~57 8 -80 5 -bl 5
70,100 54 3 ~-62 3 -58 3 -57 2 =58 4 -62 4 -GS 4
‘ soong | s8] 2 571 2 -56 ) 3 ] 55| 4 58] 4 -61 | 4 61| 3
40,000 | =51 2 -53 3 -52 3 | -54 4 ~68 ) 4 -65 4 -89 4
150,000 | -5 | L ~48 3 -49 3 -53 4 ~57 4 -65 4 -70 4
—d ' — -
Table 2-9. Average Temperrture and Stendard Doviation for Month of July /4/
Average Temperature for Month ef July (C)
Latltude (degreoa north)
20 30 40 60 60 70 50
AltituGe = — .
(fr-at) +or- 401~ 4or=- +or- 401~ +or- * | +4or-
10,009 10 1 10 2 8 3 2 4 -3 4 -6 4 -8 4
20,000 | -8 1 =8| 2 -11 2 -20 3 -22 4 -24 4 -2€ 4
aoo0s | -zo | 2 -30 33| 2 -39 ] 4 -43 | =2 -45 | 3 -46 | 3
w0004 | b4 2 -53 2 =54 3 -52 4 -49 b ~46 % -15 4
n0,000 | -7 2 -6 -60 3 -52 4 -47 4 -44 3 -43 3
60,000 -GH 2 65 -G0 3 ~50 3 -45 4 -42 4 ~4} 4
. TOL00n 40 2 -58 -56 2 -47 2 -43 3 ~41 3 -40 3
voon | -53 2 ~53 2 -5 2 43 2 -40 2 -40 2 -40 2
an o0 47 2 -4y 2 -48 2 -10 3 ~38 3 -39 3 =39 3
AL S |
1,000 | -41 2 -43 2 -44 2 -37 2 ~36 3 ~37 3 -3y 3
v.orld ¢ome to a rather low temperature deter- culatlon comes mostly frum the Sun, The trop-
wined largely by radiation, since the alr is 8o ical and subtrupical reglons of the Earl: zb-
thin that conduction has a very small effect on sorh more solar radiation than they re-radiate,
tae hieat budanee, while the yest of the Eurth radiates more than
it recelves, As a result, the air warmed in the
Wty Conditions tropics noves toward the poles, This funda-
e b ment2l movement sels up a global circulation
The eirculatjon of alr within the Farth's syntem that iglargely responaible for the weath-
atinasphere §s larpely respongible for weather er conditions, such as temperature, humidily
condhitions: and the cnerpy to sustain this cir- and rainfall, of the entire Earth,
4-12
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r Table 2-10. Temperature-Teight Data for Cold, Wind oL
F t'nt, Polur and Tropical Atmespheres /21/ Wind direction is usually dependent on latl- g .
E — tude, season and altitude, but local couditions :
I 1 Temperature (C) may cause extreie variations. Normazlly, wind . Al
H direction shifts withk halght, These shifts In di- : 1A
; Alitudde rection arc due to Earth surface eff>cts and Ke .
$ I (thonsnds changes in the horlzontal pressure patterns of RS
? o Cl—atic atmospheres the atmosphere; cold air weakens and warm air B!
] geopotential strengtheng the wind direction shift, In the G-~V
i feet) Cold Hot Polur | Tropieal lo‘wer 3000 feet ¢f the atmosphere, a maximum oy
b ! vind 18 encountered in midafternoon, and a min- RECRRIA
ir=nm in the early morning hours, the average : y
[ 10 261 | 189 1 244 1.7 total shilting In L.'s altitude range is 20 to 40 Ry
; degrees./4/ ¥,
l 20 —~47.7 -1.7 41.2 -8.7 L
! Wirds above 30,000 feet have the greatest R
I 10 -re0 ) -222 1 -55.3 -29.0 variad't~ -, In low[alitudes and in Neoounuland ‘3
and Greenland maximum variability I surowy,- ;.
40 501 -428 | -56.7 -49.4 tered in the summer and minimum in the whier. S,
- In middle latitudes {20 to 60 degrees) the wind ; »
50 2.8 | -10.a | -s58.2 -69.4 direction 18 most variable in spring and least NS,
variable in autumn, The prevalling wind is
o0 8721 -30.1 | -50.6 -73.3 weaierly Jo winter at all altitudes, becoming Y .
easterly above 60,000 feet, It then remuiuis ;-
. ol a5 | -611 | -e0.0 easterly up to befween 300,600 and 460,000 L. -
feet./2 / ;:.'I' g
. 50 =721 | -33.7 | -62.5 -52.7 RS
The wind speed in middle latitudes increases N
40 ~744 1 -299 | -g3.0 -45.4 from the Earth’s surface to the tropo ause, L
about 35,000 feet, and then decreases with alti-
100 2167 | 26 | <630 | 38 tude to about 80,000 feet, A second maximum s Sy
! reached around 150,000 to 170,000 feet, This S .
pattern exists inboth summer and winter./4,25/ RN
Very little i known akout wind {n the polar .
zone, from 60 to 90 degrees latitude, except O
that [t 1s similar to that of the middle latitudes, e
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Tig. 2-16. Wind dircction as function of altitude during winter and summer,/25/ *

the density of air at these altltudes creates
little force,

200,000

Maximum wind speed and peak shears that
will be exceeded with given frequencies during
the windiest seascn are shown in Fig, 2-18,
Flgure 2-18 Indicates that maximurn wind spceds
and maximuin wind sheucs occur beitween 30

o and 40 thousand feet. Thus, a flight vehicle reo-
3 100000 quired to operate withinthls altitude range must
£ , cope with winds up to 300 mph and a shear of
‘ ( 45 fps.
GR0D R [ Hinter == Precipiiation oo
" \ Summer —===-= — o
e;,\ Wesp l Since world precipitation data are usually ,
300167 \ ) ) limited to average monthly, seasonal and an- s
0 50 GO 50 nual totals, surface rates of precipitation cannot A,
ugually be obtalnedfrom climatological records. B
. Averoge Wind Speed, mph However, clock-hourly precipitation data present ~
total precipitation on the hour every hour and R
N . are readlly available for many staticns in e . e
fware 2-117, Averane wind speed ve altitude Urited States and Europe, Perlods of shorl and ;o
T /"?,S‘/ ang@ summner in middie intense preciplitation, called inslantaneous rates o
AR of precipitation, have been computed {or only a -
few stations, -
i westerly in winter and casterly in suin- *
e, Picure 2-16 18 a simplified plot of wind Table 2-11 tabulates the percentage of time
directrom as a fanction of altitude during wintor during an average year In which clock-hour and o
and summer,  Firure 2-17 shows the average Inlantaneous rates of precipitation egual ur ex- ny
vl cpeed plotted: gadnst wWtitude during winter ceed 0.09, 0.12 and 0.18 Inch per bour al selected a
and sununer in the middle latitudes, /25, 26/ statlons. The datu in Tanle 2-11 conslders '
Extreme chappe in wind speed with altitude precipitation as a whole. To obtain the rates of
vall aocur et frequently in wintertime, It ralnfall, the rates of snowfall equal to or ¢x- <
Seal bl noted that althouph extremely strong ccding 0.06, 0.12and 0.18 inch per hour arast be 'f_
winel o esestat altitudes higher than 200,000 feet, subtracted, It has been determined that 95 to "
W
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o
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f all ipitation falling at rat POr -
Ll pereent o pre~initatinn ng at rates = [ N
vauad to or exceeding 0,12 inch per hour will 1301} - 50% 20% 1% )
Ll an the torm of rain. About 85 percent of the G
. procipitation falling at rates egualtoor exceed- 120 RO :
g .06 inch per ?mur will he encountered at R ;’.
above freezing temperatures and wiil be in the "o A
Isrm of rain, The remaining 15 percent will be ) RS tr
snrguntered during the warmer months of wm- 100 Peok Moximum RN
ter and wiil 5~ oither rain or snow,/4/ Speed Stear B
% 90 (fps) (tps/1000 f1) My
Vrecinitation extremes around the world are 2 1% Curve 300 a5 -
lListed below. 24/ - - 20% Curve 218 28 IR
© 80 A
. . 8 50% Curve 150 15 ST
U.S. preatest average annual preciplitation-- < 0l o F
151 inckes, Wynonchee, Wash. g b
R . ,_'
U.S. grea‘est single secason snowfall —- 884 £ 60t .o
in"hen 2 296-1907, Tamarack, Calif, < 3N
-.-g 50 B e
U, S. greatest 24-hour snowfall -- 76 Inches, = A
14-15 April 1921, Silver Lake, Colo, < 40} o gt
,—/} ;." :\‘
World's greatest 24 -hour rainfall--46 inches, 301} na
14-15 July 1911, Baguio, Luzon, . BN
20} SEL
TR
Wourld's greatest average annual precipita- W b"
. tation -~ 472 inches, Mt, Walaleale, Kaual, ok . -~
Hawaii. o
| i ' e L 1 = >
World's lowest average annual precipltation-- C 50 100 150 200 250 300 S B
no = s ~ . - iy
0,02 inches, Africa, Chile Wing Speed, ft/sec . ':C/"
Weorld'™s greatest rainfall per aonih -- 386 . h = i . l-.:
inches, Tuly 1861, Cherrapinjl, India. - (mp e 3} i ;
Europe’s p1eatest average annual precipita- .. Fig, 2-18. Maximum wind speed and ghears ' - -8
tion -~ 183 inches, Crkvice, Yugoslavia. exceeded 1%, 20% and 50% of the time,/4/ i
Table 2-11, Percentnge of Time During Average Year in Which Clock-hour and Instantaneosus Rates S -:.-
of “recipitation Lqual or bxceed 0,06, 0,12 and 0.18 in./hr at Selected Stations /4/ LR -
R
r RN
Average Avorage annual C:zgt e:m; rh;.x';-e” Inatax;::n/u;‘wxua ratog :v }-."
4nnual nc. days with . il g5k
| _| precip, mouagurable .06 ] 032 ] 0.18 0.06 ] 0.32 | 0.8 . (L S
Station i Locstion {intien) Precipitativn %) (%) 0} {7} (% o) 4 T e
Abeng 37°30'N, 24°49'E 15.70 g 0.94 ) 024 | 068 | 0.85 | 0.23 | v.oE ) ."'
berlir 52°30'N, 13°25'E 22 .98 169 0.84 | v.16  0.03 ! 0.76 | 015 | 0.03 7 B ‘{
. . Lt .,._\.
¢+ ICURTL T3°20°N, 67 15'W 27.37 218 0.56 | 0.23 | 0.01 0.70 | 0.12 | 0,01 LB
P
1entan S1°25'N, 0%20' ©4.47 167 089 | 0.20 | 0.06 | 0.80 | 0.1y | 0.06 T
tocow 55745'N, 37787 L 24.13 132 1.05 1 0.30 ] 0.13 0.95 ] 0.29 } 0.13 '!‘"
inig 4%*52'N, 2720°E 22.62 160 0.84 | 0.36 | 0.03 | 0.76 | 0,15 | n.03 P
P S
ORI 41747N, 12°15°E 26.70 105 1.45 | 0.59 | 0.23 1.31 | 0,55 | 0.03 T
I w0 0% | 6140 149 222 | 1a3 | 072 | 2.00 | 1,08 | 0.72 S
Vo S, 21700 22,21 164 0.84 | 0,16 | 0.03 0.76 | 0.15 | 0,03 "“
- ]
ERITIRIPN LN, T W 42.20 124 J 221 | u90 | 000 1.90 | 0.85 | 0.60 .
Y
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EX- N Y WPIONS WP I

Har.idizy - -

Humi-hity s expresoed in many ways, some of
the most common being: absolute humnidity, rel-. .
atlve humidliy, specific humidity, vapor pres-
sure, dew point and mixing ratio, These terms
have the following meanings: ~-

1. Ausoli i h\.-mldt:i- is the mass of water
vapor per unit volume of space, It ia vsu-”
ally expressed in grams per cubic meter
or grams per cubic foot.

2. Reiative humidity 1s the ratio of the

amount of water vapor actually preeent in —

the air to the amount required to saturate

the 2.~ at that temperature and pressure, =--

3. Specific humidity is the weight of water -
vapor per unit weight of moist alr. It is
usually expressed in grams per kilogram,

4. Vapor pressure is the partial pressure of
the water vapor in the atmosphere. It i
expressed in the same units as atmos-
pireric pressure.

5, Dew point is the temperalure at which
condensation would take place if the air
wer cooled at constant pressure,

6. Mixine ratio ig the ratin of water vapor
to dry zir. It is usually expressed In
grame ver kilogram,

The highest possible absoluie humidity is
directly dependent upon temperature and it
doubles for about cach 10C of temperature in-
~reasc. The world extremes of absolute humid-
ity utcar in the coldest pelar and hottest tropi-

IE(
e
™
I ia
t
10
€
j‘ H
L6
.?I .
i
?
(5.3 IS SIS TS VAN SIS WU S SRS N N 1§
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1. 2-19, Latitudinal distribution of
cpecifie humidty. 27/
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sz. 2-20. Latitudinal distribution of
relative humidity./27/

cal alr. Vartations of atmospheric water vapor
content closely [o!low thevarlationa o reowera-
ture. Up to about 140,000 feel, absolute humid-
ity decreases with altitude, It is limited by the
cooler temperatures, which cannot support large
amounts of vapor. For the very warm levels of
the atmosohere, at altitudes between 140,000
and 200,000 feet and above 400,000 feel, e
pressure is too low to permil liquid water,

Figure 2-19 shows the latitudinal and sea-
gonal variations of specific humidity. Specific
humidity is greatest over the equator and de-
creasea toward the poles. It is highest in the
summer and lowest in the winter, and follcws a
daidy cycle in accordance with temperature
changes,

The geoigrapmcal distribution of relative
numidity ( ng'. 2-20) is different irom that of
specific humidity, Relative humidity is highest
at the equator and decreases toward the middle
latitudea. From about latitude 30° toward the
poles the relative humidity increases a8 a result
of decrcasing temperature, The seasonal dis-
tribution of relative humidity varies with lati-
tude. From about 30° North to 30° South the
average relative humidity is greater in summer
than in winter, whilc at higher latitudes the re-
verse ip true. The latter siiuation is caused by
the low winter iemperatures, especialiy those
over land imaSses,

Although the relative humidity in the jungle
occasionally drops te as low as 70 percent, it
frequently averages more than 95 percent for
months at a time, At the dry extreme, relative
humidity rarely falla below 5 percent for longer
than four hours, even in the hottest deserts,

Hal)

Hall is formed only in well developed thun-
derstorms, and may be encountered in, vpder
and near such storms. Hall reaching the ground
occurs most often vver mid-latitude mountainous
areas, suchas in Colorado and Wyonilug. Scason-
ally, halistorms are most numercus in summer,
while diurnally they occur most frequcntly in the
hours between mid-afternoon and early evening,
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Thas,
conaderably  incereased  when worst-location,
Lo t-tie condithms are assumed,

the prahabiiity of encountering hLafl is

» liail may be encountered from the ground up
o altitudes of about 50,000 feer, However, the
probability of encounter increasss with altitude
u; 1o approximately 15,000 to 16,000 feet, and
tnen da o anses ramdiy at higher adtitudes, Al-
thourh thundergtorms are cenerally 5 to 10
miies in diancler, thaareas inwhich hall is en-
countered are usually 1 to 3 miles in diameter.

The size of hallstones reaching the ground
varies considerably, Frequency distribution by
size i8 difficult to establish due to lack of data.
The largest hailstone on 1ecord in the United
States mes.urau 5.4 Inches {n diameter and
weigiied 1.5 pounds.  The most common 8jze in
the United States is about 0.25 to 0.75 inch in
diameter./4,28,29,30/

Sard and Duet

et mp-tolos rzape w £276 from O to SO
T ons LA , ¥, 17 average suze
t-.n; sxmenaere hetween 0.5 and 1.5 microns.
¢ A Woseraiel 5 fre nany natural and

R lorhdat-bu
st

s neree s, such ws voleante epuptyay,
s.10 8ea spray, biowing soil, sand storms, plant
pollen and bacterja, smoke and ashes of forest
fires, and cosmi~ material, Dust is present in
desort climatee throughout the vear. In the
tropics it vccurs ondy occasionally, Fine sand,
silt, vnlcanic ash and soft rock form dust very
quickly after a rain, Distribution of dust aloft
varies with season, climatic area and time of
rday.

IEI I

Sand particles range in size from about 60
microns upward, with the average size of wind-
blown sand par'cles being about 150 and 300
microns./8,44/ Sand is seldom lifted more
than five fecet above the earth’s surface, and the
bux of the movement takes place a few inches
off the ground. A wind velocity of about 11 mph
is necessar, to sct thegrains of sand in motion.
Wind-blemwn sand and sand storins are most fre-
quentindescsi regions, which have high daytime
temperatures and low night-time temperatures,
with little raudall or moisture./4,14

Magnetic Fleld

As a {irst approximation, the Earth's may.-
netic field resemblen the {ield of a single, large
magnetic dipole situated intha Earth’s core, tut
no. exactly at the center, The fleld is strongest
near the magnetic poles, and decreases in
strength towards the magmetic equair-. The
south magneiic pole 18 stranger than the north
one, indicating that the effective center of the
dipole 18 nearer that end of the Earth, The
strength of the fleid at the south magnetic pole
is sligh!ly more than 0.7 versteds. Above the
Earth’s surface, the strength of the geomagnetic
field varies approximately as the cube ol the
distance to the center of tho Earth. This rela-
tionship holda to an altitude of about 300,000
feet./13/

The direction of the Earth’s magnetiz ['aid is
expressed in terms of declination, which is the
deflection of the field frowm north-south, and dip,

-.-which !s the deilection of thefieldfrom the hor-
izontal. The Earth’s field is not fixed, but grad-
ually changes with time, In the Uniled States,

~-the Coast and Geodetic Survey and the Navy
Frdrograpte O ice are responsuiie Soe sappiy-
ing up-to-date information om the geomagnetic

- tield./31/ =

Radiation
~ Types of radiafion are classaified acenrding
to wavelength, The shortest kmown radiation
type ts cosmic rays, followed by gamma raya
* x-rays, ultraviolet rays, visible light, infrare

rays and radio, or hertzlan rays, Xigure 2-21

shows the rad{atkm spertrum on a logarithmic

“acale. Radiation wavelengihs are generally

measured in terms of:

Angstom uniis (A) == equal to 1 x 10-10
meter or 1 x 10~/ millimeter,

Millimicron (mu) -- equal to 1 x 1079 u
or 10 A,

Micron (u) -- equal to 1 x 10-3 mill}raeter
or 10,000 A,

L] "z W < L2} o O L]
58 T 7 283 %
D | (@] < T D »”
£ ! <
c
<. ! L 1+ X-Roys L fo- -
e i
4 ! ; l kSolar

e - t-

- - »
Ulnoviolel- infrored
Visible

Figure 2-21, Radialion spectrum on logarithmic scale./14/
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solar radiation comprises infrared and u-
toavpolet radiation, ag well as visible ilght,
solar radiation wavelengths are between 1500
and 1,200,000 A or 0.15 tn 120 micreng, Most
of the solar radiation energy lies between the
watelenrths of 1500 and 40,000 A. Half of this
vite. ey 18 in the visible regionhetween 4000 and
7Y A, and the othar half lies in the invisible
ultraviole: and Infrared 2ange./14/ Figure 2-22
Ylustrates the sclar spectruwn from about 0.2 to
A microns, or 2000 to 30,000 Angstrom units,

The most important factors determining the
amount of colar encrgy 1ecelved by an},"fortlon
Ji the Earth's surface are the length of day and
angle of the Sun’s rays. Discounting the elfecis
of variable elements, such as the Earth’s at-
innsphere ar.! ¢ivud cover, all places on a glven
paraLcl recelve the same amount of solar en-
erev, However, different parallels of latitude
roceive varying amounts of enesgy. The amount
or solar cnergy varies from almost zero at the
noles to approximately 900 gram calories per
sauure centimeter per day at the equator./gll/
7L nnlzunt 3f solar radiation absorbed byave.-
hyte will also be determined by the altitude ot
ti:e vehicle, Much of the solar radi-ition enter-
17y e atmosphzre t=2 ahsorbed, scattered and
reflected, Therefore, more radiation wilk reach
a vehicle at the higher altitudes.

{ smvic Radigifor

Cosmic radiation may be defined as radla-
tion with sufficieni energy to penetrate to the
Farth's surtuer through the atmosphere. Cos-
mic ray encerpy levels are considered constant
with time and have nopr oferred orientation./33/
Sene cosmice rays can be identified as coming
ditectdy from the Sun during periods of violent
= lar actwvity, The rest arrive in equal ?xm-
brrs fiune all directions./34/ Nearly 19'° (a
bition billior? eusmic-ray particles enter the
Laith's atinosphere every second, Most of them
posscses enerpy of a few billion electron volts,
A stuall fraction, however, have energles great-
er Uaan 101 slectron vults,/34/ Primary cos-
e cadiationopenetrates the Earth’s aimosphere
taan altitude of 10 to 25 miles, where it inter-
4 ts witl, protong and neutrons in the air to pro-
a.ce mesons. The mesons, in turn, travel

r -

4
1 PRy
A
’ { /'/ ] el 1

(- - - 1 1
o 3 04 06 08B 1D 15 20 30
W"vl-'{_‘ng'h' meZroneg

P, ¢-22, Solar speirum,/6/

DR S ad

—— Highennigy

Z =T Low energy

Fig. 2-23, Cosmic rays penctrating
Earth's geomagnetic ileid./6/

thrcu%h the atmosphere where they undergo en-
ergy losg, When the mesons decay, they emit
electrons and uncharged particles, The atmos-
phere thus contains a mixture of primary and
secondary radiations in proportlons dependent
on altituda, Many of the secondary cosmic raya

interact to produce further secondary rays,

thus producing a shower effect./4,14/

Before cosmic radlation particles reach the
Earth's atmosphere, they have been drawn off
thelr original course by the Sur’s und Eaith’s
magnetic fields, The Earth’s i1iagnetic ficld
allows Oidy high €ieirgy particles 5 ieéach ths
eurface at the equator, and pariicles of low en-
ergy can enter only at the poles./6/ Th2 geo-
mwagnetic field, as shown in Fig. 2-23, dees nui
retard cosmic rays, but induces entry of the
highest flux of particles at the poles.

Cosmic radlation Increases with altitude

_ from sea level until It reaches a mgximum be-

tween 55,000 and 80,000 feet. Above this alti-

tude, the comblned primary and srcondary cos-

. mic radiation falls off rapidly t¢ the primary
component,

" Van Allen Radiation Belt

~ Instrumented satcllites and lunar probes
Pionecr I and Ploneer I have shown the exis-
tence of a radiation belt zround the Earth,
. knnown ag the Van Alien radiation belt, This
belt consgists of charged particles trapped in
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. o Yarta's magnetic field. The lower edge of Surface gravity (ratio to 0.16 '}\ *:"3
ti-- belt is approximately 1000 miles above the Earth) o 'D
oG s surtace pnd exiends into the atmosphere h TN
1 adistance of severad Earth radti. The ro- Escape velocity 1.50 riles/ k' Falm,
o (it b8 most intense in the equatorial plane, second ! m‘:-\.‘
d-creasingg in extent and intensity polewards. ; |
Albedo 0.07 - BN
A comparatively narrow inner core of high 6 t‘ \-i'\
crovuy particles, forimed from cnsmic ray par- Maximum distance from  94.8 x 10~ miles (’& R 2-.::
ticles with wuorctes of up o several hundred ._Sun - b ;
ey, exists several thousand ruiles ahove the ‘E‘,,!.--
Earth's gurface, Surrounding this 'hard belt" Mean distance from San 93.9 x 10% miles wpp . S
ts a halo of lower energy particles that covers - - SRR
a much Inpper area. Minimum distance from 1.2 x 108 niles . g: : :
Sun -
mtensities of 5.% roentgen per hr have been — - 'g' R':
recorded by the Dioneer I probe at a distance of Maximum distance trom 252,948 mliles E RN
3.8 Larthradil; *he radiationintensity decreases Earth -
to Jess than 0.0 roewgen per hr at a distance of - - : ﬁ t '_
9 Lartl radit./35/ Mean distance {rom 238,840 miict, > r" N
_ \-‘Eﬁm] _ l‘: N‘-'\
MOON Minimum distance from 221,593 miles % h
Earth - § .
Tue Moon I8 about 240,000 miles from the o - R S
Farth, ‘The mast pron;lnent feature of the Orbital speed 0.6 mile/second : bt
Moon's surface is the dark plaing, which arc - . - . .,_' .
. known as mares, These plains are usually cir- Orbit eccentricity 0.05% )
°t cular and ranpe in diawaczier from about 200 (eccentricity of X T Ry
miles to over 700 miles, _ clrcle = 0) , T
- - R ¢ R
Thousands of eraters cover the Moon's gur- Orbit inclination 5° 8 B o
face. Clavius, whi-h (8 the largest hag a di- B T
amcter of over 140 miles and is 20,000 feet -Inclination of axis - 6y i’ .
decp. Mountain ranves on the Moon are similar )
to thnse on Earth, ranging in size from 5000 _Length of time to com- 27.3217 Earth NS
feet to over 25,C00 feet. It is beileved that the plete onc revolution days oy e
Moun's surface is covered with pulverized rock around Earth 1 } o
and dust, however, atl pregent, no definite state- e ERF L
ment can be made’ aout the mineral composi.- _Length of day 27.5217 Earth R N
tiun or thickness of this upper layer, Probably, days - C:-f.
it 15 unly several centimeters thick. Due to the imosphere L il
continuous bombar ‘ment of metcore, the Moon's i i
surface is very rough, Nothng is known about The moon has little {f any observable atmos- BN SR S
the small details, however, since the smallest ohere; 1ts density being approximately 10-10 A
| O e iong thid can be distinguished are several Earth atmospheres or leas, which i1 more rari- ¥ t.'-
hundred feet in diameter, fied than the F3 reglon of the Earth’s atmos- TR
S phere, Argnn is the most rrobabla atmospheric Te 30
: some of the Bioun’s physical features are constituent, although xencn ton, carbon TN
| Listed below: /10,367 dioxide, sdmﬁ' dioxide and wgzg vapor may y ot
| Loamet 2160 miles alan be preseat. R
sameter 16 F R
' H Meteorites, cosmic dust and other celestial E b
i Volune 519.8x10" cublic mes particles bombard the Moon at velocities rang- B
: ing from 1,5 to about 4.4 miles per second. ¥
: - - : Since there 18 very little atmosphere, the me- 3
v {(1ate ve R U
Vo (ratio to Farth) 0.72 teoritic bodles will not disintegrate, 'an;:l even g
N ore 1 17 the smallest particles will reach the Mouovns “ o
| fros 810.1 x 107" tons surface intact./37,38,39/ Ny
| Muns frativ to Earth)  0,0123 ol -
; Temperaturg B
' i 3

Ity 208.73 pounds/

cubic foyot
Doty (rato to Larth) 0,606

vy (rateo to waler) 3,33

<.

et e vty

5.1476 feet /rec?

e AT NP R Y AT T et

8ince the Mooun has practically no atmosphere
te shieid it gurface and minimize radiativn ¢f

1 4

- oy
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i.s heat, the dally temperature variation ls verly o
large. At noon the temperature ls about 240 ¥ i
(115 C). At sunset the temperature reaches ' N
32 F (0 C); it finally reaches a low of approxl- . ™Y
mately -243 F (-153 C) at .nidnight, The great L
tempnrature ranges are pirtlyduvtothe Moon'e Rl N
! tw
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low albedo value of 0,07, compared with that of
the Farth, which has an albedo of 0.28, The
Moon therefore radiates into space only seven
prreent of the solar heat recelved,/36,37,38/

Dudlation

Intense lpine <ad ultraviolet radlation from
the Sun hit the Moon’s surface. Due to 1ts long
vxposure to solar radiation, the gurfacs of the
Moon probably has a simple molecular struc-
ture,

MERCURY

Mercury, =n Wlmost perfeet spherc, is the
fnnzrmost pranet {a our Solar Systemy, and the
smallest of the principal planets, Due to its
smadl size and unfavorable conditions for ob-
servation, it 18 difficult to ohserve distinct
surface markings, However, dark patches,
vitnilar to the Moon’s plaing, can be seen tele--
scopicadly,  Mercury’s surface probably con-
s'616 of mountatnous and rocky terrain,/1,10,36/

Mcrcury rotates on its axis only once in each
trip around the Sun, thu3s always keeping the
saue slde expoded to gunlight.,  The gunlit side
is therefore cx(rcmr.‘ly hot, and the dark gide
extremely oold. A day and a year are equal on
Mercury, bein: the eguivalent of 88 Earth dave,
Some of Mercury's physical features are listed

hg].,w./l,ﬁ,l(),'JG/

3107 miles

155.9 x 108 cubic
miles

Diameter
Volume

Volumc (ratio to Earth) 0.00¢

Mass ~26.345 x 1019
tong

Mass (ratio to Earth) 70,04

| Y IV YRS

-237.88 nounda/
cublc font

..........

Density (retio to Earth) +N.69
Depeily (ratio to water) 3.8

SUBrCC ETavety 8.6866 fect/sec?

Surface pravity {ratio 0.7

I Larth

1 scape velucity 2,237 miles/
sccund

Allicda 0.07

Mas i dictance {rom 43.4 x 109 miley

sun

36.0 » 10% mniles

Mean dedanee from Sun

26.6 x 10°% miles

Minctmram distandoe fru

Hun

-7

——

-

138,0 x 10% miles

Maximum distance from
Earth

Minimum distance from 50,0 x 10% miles
Earth

Orbital apeed (average) 29,768 miles/

second
Orbit eccentriclty 0.206
Orbit inclination 7° 0
Inclination of axis Unknown

Length of time to com-
plete one revolution

87.0 Earth qvs

around Sun
Lengih of day 88 Earth days
Number of moons ¢

Atmosphere

Because of Mercury’s small maege, high tem.-
peratures and amall escapevelocity, it is almost
cert:in that it possesses only an Innignificant
atmosphere. one of the lighter atmosapheric
congtituents, such as nitrogen, oxygen or water
vapor, r_\g—-_fd be held for long, Howwver,
Mercury may cuntain a slight atiwosphere of
thinned out heavy gases, such as carbon dioxide,
Recent observations lndicato that Mercury’s at-
megphere may have a thicknesg about 0.6003
that of the Earth, and exert a pressure of one
millibar per aquare centimeter, comparad to
the Earth's soa level pressure of 1013.2 millt-
bara,./3,10,38/

Temporature -

Beocause of Its relative nearness to the Sun,
Mercury receives on the average about seven
times an much heat per unit area as the Larth,
However, the amount of heat recelved varies
congldarably dua to the eccentrieity of ite or-
bit, Also, since Mercury has hardly any at-
mosghere, the temperature difference botwoen
the dark and sunlit sides {8 very large. Oa thu
dark gide, the temporature i8 ncar absolute
zero, and on the sunlit side, the temperature 18
about 784 F (412 C). Omniy twilight areas may
have moderate temperaiures,/10,35/

VENUS

Of all the planets in cur solur sysiem, Venus
mosat closely resembles the Earth In mass, size
and density.  As a result, Vonuas is dlten re-
ferrcd to as Earth's nister Planct. Surrounding
Vonus 18 a donso cloud or “aze layoer that pre-
vonts obsorvation of the surface, As a resull,
verylittle is known about Venus' surfacs. Frow
all avatlable Infornation, it 1s helteved that tho
purfuce of Venus 18 probably hot, dry and windy,
The rlbedo of Venua in vorr high, 0,60, which
means that 60 precent of the sunlight 8 ro-
flocted back Into space. The major physical




(ocacterisiics of Venus  are, listed below,

1

|

! . /4,10,36,40,41/
1ameter

Veolume

volume (ratio to Earth)

MMaan

Maus (ratio to Earth)

Dencity

Density (ratio to Earth)
Density (ratio to water?
Surface gravity

Surtace gravity (ratio
é t) EarUnS

Escape velocity

Albedo

Maxitum distancs from
Sun

Mean distance from Sun

Miniraum distance rom
San

. Maxfmum diglan 2 from
Larth

Min-mum distance from
Taarth

Orhital enerad
Qrinlal gped

Orbit eccentricity
Othit inclination

Incliniatisn of axis
(appoaxinmate)

Leopth of tine to com-
plare one revolution

a1 el Sun

1 npth of day

Troeber of pouny

At ,’-Il'l"]'l‘

Vil

W T e

7705 miles

230.1 x 109 cubic
miles

0.92

5.36472 x 1091
tona

0.82

3006.54 pounds/
cublic foot

0.89
4.46

27.6683 feet/sec?
0.96

6.338 miles/
scecond

0.59

67.6 x 10% milea

67.3 x 10% miles
66.8 x 10% mllea

160 x 10" miles
26 = 10% raties
geeond

0.007%

3° 24’

~

¢

225 Eurth days

Uto 46 Larth daye

None

T atuessphere of Venug ts at least 20 miles
thycw, und densor than that of the Earth, Under-
Iy Venas” stmosphere are either dust or water
Jdowls, Chhe prossure near the cloud

top lies between 1/6 and 4 Earth atmospheres,
Above the cloud top, the pressure decreasesby
a factor of about 2 every 3miles./40/ At higher
altitudes, approximately 85 miles ahove the
cloud layer, a reglon similar to the Earth’s
fonoephere and exosphere may exist, The tem-
perature in this region may be more than
1500K, /38/

The only atmospheric gas that has bwen posi-
tively ideatificd i8 carbon dioxide. Other gases,
such an oxygen and nitregen oxide, may nﬁso be

resent, but only In vory minutc quantitiea. In
-Venus' uppsr atmosphere, joniz atoms and
molecules, as well as free electrouns, probably

exlst due to absorption of gshert wavelength soinr

radiation./36,49/  __

Temperature

.Venus recelves about twice as much hezt
from the Sun as does the Earth. Bat, slnce
Venus is covered with a dense atmosphere, and
according to {ta albedo refiects about twice ay
much sunlight as does the Earth, the tempera-
ture on Venus ia uncertain; however, it 18 un-
doubtedly higher than on Earth. The carbon dl-
oxide found in Vanus' atmosphere {a very trang-

arent to vieible light and \Stravlolet radiation,

t is also an excelient ahsorber of the heat ra~
diated from the planet’s surface, AR & result,
Y carbon dioxilde 1s as abundant in the stmos-
phere as spectroscopic investigations indicate,
the temperature cn Venus' surface may be very
high. The temperatures derived from various
obgervations of Venus fall within the following
ranges;/38/

Top of atmosphers -38F(-39C) to
122 F (50 C)

54 F(12C) to
117 F (47 C)
405 F (207 C; e}
803 F (317C

Middle of atmosphere

Surfacs of Venus

As wiih Earih, daily ani seasonai tempora-
ture varlations occur overthesurface of Venus,
and the temperature range at theo top of {ts al-
mosphere 18 very low,

Radtation and Magnetic Flelds

There is evidence that Venusd posscsses g
magnetic ficld simtlar to that of the Earth, The
field around Venus, hov cvor, 18 about {ive times
strunger than that sur-yunding the Earth,/36/

The intensity of solar radlation just oulside
the Venus atmosphere s approximately 1.9
times the iulensity outalde the Earth's atmoo-

hero, or 3.8 cal per cm< por min, It I8 also

Mevel that tho existence of a radiation beit,
such 8 tha Van Allen radlation belt surrounding
the Earth, may exist on other planets with mag-
netic fielda,  Since Venus abrorbg about twice
as much radiation as the Earth, the radiation
bell around Vevus may be more intenso than
that purrounding the Earth./40/
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certain, Marg' surface is very flat, with no
anrint chanpes In elegvalion and ro prominent
monntaing, Nright arean, covering more than
half e surface, are believed tobe dust-coverad
desert areas, In the bright areas, dark, narrow
streak s, known as canals, have been cbserved,
The dark areas show seasonal changes and may
be arcas of vegetation, The white polar caps
are believed tobe caused bya thin deposit of ice
crystals.  The "climate'" on Mars is similar to
that of a hvpothetical desert on Earth about 11
miles b, Winds range un to 20 mph and dust
storms are fairly {requent./1,36,42/ The major
physical characierisiics of the planet Mars are

‘ MARS Orbit inclination f
Mose complete Information is avallable con- Inclination of axis 25°12' é;‘
. cerningg Mars than any other plane?, with the ex- v
ception of the Farth, However, detalls us to the Length of time to .com- 687 Earth days E
exact surface conditions on Mare still are un- plete one revolution th
around Sun
Length of day 1.026 Earth days
Number of Moons 2
Atmosphere

Mars' atmosphere hag heen studied for many
years; yel much of the information gathered is
epecufatlve. The only gas identified in the Mar-
tian stmosphere I8 carbon dioxide, which, al-
though only one percent by volume in the tota)
atmosphere, is several tinies more abundant per
square centimeter thar in the Earui'r atwos-

-
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L
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listed below./i,1M,36,42/ phure. The bulk of the Martian atmospl.ere con-

sists of nonabsorbing gases, such as nitrogen,

Diameter {averayre) ~ 4215 miles - 95% by volume, argon, and only a trace of oxy-
2 gen./3,10,42,43/

Volume 388.85 x 10
— cubic miles Mars’ ztmosphere has a variety of cloud
; types. ""Yellow clouds' persist for weeks over
Volume (ra:ls o Farth) 0.15 large areas of the planet, and are believed to be
- 19 dust clouds. ‘Water vapor or mist cluuds occur
Masg 72.44864 x 16 in the poler regions. All the clouds are below
tons 20 miles. The Martian atmosphere is much

thinner than that of the Earth. The purface
Mass (ratly to Earth) 0.11 pressure ranges from 50 to 100 millibarg, and
) the pressure giradient up o 25 miles 16 only

T 241,1 pounds/ T slightly less than the Earth's, Above 25 miles,

cublc foot the pressure decreases very slowly, The Mar-

tian atmosphere probably extends considerably
iasn}mer into space than does the Earth’s./36,42,

~- The weather In the lower reglons of the Mar-
tian atmosphexl-e l:a similar tohtfmt on Earthi

2 However, the lack of appreciabie amounts ¢

119 feet/Boc o er vapor causes a more uniform and simpler
0.37 weather than exlsts on Earth. The atmospheric
: temperaturedecreases with height at an average
rate of leas than 3.7 K per 3200 feet, up to an
altitude of approximutely 16 miles., Above 16

miler, tha variation of tempurature with hajght

Deasitly

Density (ratio to Earth) - 0,70 o

Density (relative to 4.0
watcer)

Surface gravity

Surface gravity (ratlo
to Farth)

Escap- veloclty 3.107 miles/

PP e ey
R E T N e R T

BTE T A m-,mwm@mwnvm.m—;@*mxm :',m].’e__w\: ?mnmf—’m,ﬂxmt A

seLond ~— 18 much smaller. Between 16 méleﬂ and €5 b
beur mtileg, the temperature 18 probably 180K + 50K, 9
Abeun 0.15 = /36,43,43/ e
Maxiuna distance from 154.9 x 106 mijles F :
b Sun - Temperature 3
a3

¢ oroae

e The datly, seasonal and geographic tempera-
141.7 x 10" miles ture varlations on Mara are not completely

ik antl 'in g~
Mt s o 1205 5100 miten Sicvmg e ey ang ezl s
Sun 18 therefore subject to change,

236,0 x 10 miles

Mean distance from Sun

o

M.aximmum distance from

Rl
NI NN e
R

The average temperature on the surfaco of

T e BT TR

Garth Mars {8 about -30C (-22 F). The dalily varla- ,x
.. - t -
Mnmnum distance from 31.0x lO6 miles gle:e(l); t§6ngez(‘géurf§) ":t“f,gf',g ?g"fébr(lfr? pr")oxér H j‘
Farth -80C (-1'" F) at night, In the %ol?rgzeg)lon, the b
. e average temperature i ~70 -84 ¥). ‘The A
Orbital speed ;z.c{())mmllou/ lnrge variations of temperature occur because g ¥. !
of the relatively thin atmosphere and the absence N
Orhit eccentricity 0.093 of any large amount of water vapor,/1,3,36,43/ e F ST
w22 p ‘R.
N

5
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P tiation

The averae solar radlation incident on Mars
Is appraximately one-half the amount receive
by the Earth, or about 0,87 gram-cal per ¢m
woermin. Due to the eccentricity of Mars' orbit
1. ever, thia value may vary by ae much as 26
percent during Cio Martian year, Mars' albedo
i» approx.mately 0,15, which indicates that the
Martian atmosphere and surface absorb a large
fraction of the solar radiation./42/

JUPITER, SATURN, URANUS, NEPTUNE
AND PLUTO

The four major planets, Juplter, Saturn,
vranus and Neptune have many characteristicas
in common, They are massive bodies of low
density and large diameter, Because of thelr
1w densitics, they are belicved to possess
cizvable solid cores surrounded by a thick shell
of ice. The only gases wm their atmospheres are
amronia and methane, Other gases may be
present, but because of the low temperatures on
these planets the pases ave probably in the lig-
wet o possibly solid state./1,3,10,3€/

Jupitcs

Jupiter, the larpgest planet, has twelve moons,
Jupiier spins s0 fust on its axis that it is flat-
tened out at its poles, The major physical char-
acteristies of Jupiter are listed below./2,3,10,
36/

Diameter {(mean) 86,840 miles

Volame 342.55 x 1012
cubic nilles

Volume (ratio to Earth) 1218

Masg 20.1 x 1023 tons

bass (ratio to Farth) 318.3

Lensity 82.66 pounds/

cubic foot
Density (r2tio to Zarth) 0.24
brensity (relative o water) 1,34
surface mravity 84.93 feet/sec?

Curface pravity {ratio to 2.64
Foarth) -

Lecape welocily 37.28 miles/

secound
Al 0.4_4
507.1 x 165 miles

483.9 x 10% miles

Poovamam disitance from
AR H
-1

v destance from Sun

460.7 x 10° milesg

"heioam distance from
i

S N A R A K
% b AT TR Y

T Maximum distance from
Earth

Minimum distance from
Earth

Orbital speed

Orbit eccentricity
Orbit inclination
Inclination of axis
Length of time to com-
plete one revolution
around Sun

Length of day

Number of mooas

Saturn

600 = 10% miles
367 x 106 miles
8.45 miles/
second

0.048

1°18

'

11.86 Earth yeore

9 hours 55 min-
utes

12

Saturn i8 circled by three rings which con-
riat of milliong of Amall Ratellites, In addition
Saturn has nine moons, Titan, the largest
brightest of the moons, {8 considerably larger
than our own-Moon, and is the only satellite in
the solar system known to have an atmosphere.
/3/ The major physical characteristics of the
planet Saturn are listed below,/1,10,36/

Diameter (mean)
Volume

Volume (ratio to Earth)
Mass

Mass (ratio to Earth)
Density

Density (ratio to Earth)

Density (celative to
water)

\

~- Surface gravity -

Surface gravity (ratio
“to Eart.h? =

_Escape velocity

Albedo

Maximum d!stance
_{rum Sun

Mean distance from Sun

71,520 miles

211.29 x 1012
cubic miles

728
6.28 x 1023 tons
95.3

44.7% pounds/

-'1’;."'-

cubic foot

0.13 K A

0,715 T
ey

37.64 foet/sec? " .:;:

1.17 .

22.37 mileg/
pecond

0.42
936.8 x 108 mues

887.1 x 10® miles
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Minimum distance {rom
Sun

Maximum distance from
Earth

Minimum distance from

_"'".:\ TN LA

LAy 20 R TRy RN S il . on o] S
PR TR ?&W&H&c‘f«u' RS B Mt

837.4 x 109 mlles
1025 x 108 miles

745 x 108 miles

[

Maximum distance from
Earth

Minimum distance from
Earth

Orbital speed

Fhand i
AR 1

eawflun g

1950 x 10% mues

6

1615 x 10" miles

4,225 miles/

A

Earth second ;"f o
Orbital 5y-ced T 5.965 miles/ = Orbit eccentricity 0.047 e E
second o ] 3

. Orbit Inclingtion 0" 4¢° BFEIY

Orbit eccentricity 0,056 : - o yoe
Inclination of axis 98 jon

Orbit inclination - 2729 N N ] W
Length of time to com- 84.02 Earth years HE &

Inclination of axis 26°45° plete one revolution b od

' - - around Sun _ F N
I Leneth oi time to com- 29.46 Earth years e

picte one revolution Leugth of day 10 hours, 42 min- v

o around Sun - - - utes ; RV
o 4n
) Length of day 10 hours, 38 min~ Number of moons 5 R
. - utes - _ AR
A R
. Number of moons 9 Neptune [’ _,.‘j
) . - Neptune is invisible to the naked eye and has for M

o Uranus two known satellites, Its atmosphere extends to E o
¥ =Tl perhaps 2000 miles, and the planet experiences R

! Uranus has five satellites and an atmosphere - external cold and only partial light. er ma- TEL a

O compoused almost entirely of methane, with only jor physical characteristics of the planet Nep- .73

- a trace of ammonia pas preaent, The major tune are listed below./1,10,36/ ’ 13N
g physical ch-vacteristics of Uranus are listed Cheo
N below./1,3,10,36/ Diameter (average) 31,070 miles TE.y

T
f.E Diameter {average) 31,690 miles Volume 101.36 x 1011 VRN
L . cubic miles &)

- Volume 226,34 x 1011 = L
g cubic 1ailes Volume (ratio to Earth) 39 T

. LU
. Volume (ratio to Earth) 64 Mass 11.4 x 1922 tons (N \

Masr 96.87 x 1021 tons Mase (ratio to Earth) 11,3 :
|.- Mass (ratio to Earth) 14,7 Density 99.89 pounds/ :-{

) cubic joot n
- Density 79.22 pounds/ _ . — . N
’ cubic foot Densitly ({ratio iv Burin) 0.9 -
- J ensl. fratio to Eartn) 0,23 Density (relative to 2,22 g
> water) %

. Density trelative towater) 0.92 n %’ -
S 2 Surface gravity 46,39 {feot/Bec” GO
. furface gravity 29.6 ft/sec e
N Surface gravity (ratio 1.44 e
|(_- Surface gravity (ratio 0.92 to Earth) k1Y
Y to Furth, »
b escape velocity 14,29 milea/ hgr
|.— _ Lscape veld ity 13.05 milen/sec second oyt
! v
I Albrdo 0.45 Albedo 0.52 P b
Iy N
¥y Mavinmm distance from 1868.7x 10°% miles Maximum distance from 2820.7% x 106 ' 2‘ "
L sun Suu miles { R
t’ Mean distance from Sun 1764.8 x 10% miles Mean distance from Sun 2798,7x10% mlles ) ' :
IP Minimum distance from 1700.9x lOGmues Minimum distance from 2772.65 x 106 ’ -
i~ n Sun miles ¢ .F
N L
I.\ 2-74 i 3 ¢
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Maximum distance from

Toeth

Minimum distan¢e from
Larth

vt bital speed

Orbit eccentricity
Orbit inclination

In: lination of axis
Length of time *2 com-
plete one riroagtion
around Sun

Length of day

Numnber of moons

Pluty

2900 x 108 mies

2700 x 10 milen

3.355 mlles/
second

0.0040
1°47

29°

164.8 Earth yeara'

15 hours, 48 min-
utes

2

Very little Is knewn about Plato, Its mass is
believed to be abmut one-tenth of the Earth’s

greatest of all the principal planets in our solar

systom

Pluto are listed beiow./3,10/

Diameter (average;

Volume

Volume (ratio to Ea.th)
Mass

Muss (ratio to Fartl)
Doensity

Denslty (ratin to Earth)
Donsity (celative to water)
Sutface gravity

Suriuee pravity (ratio
te, Linsth

| SR ape velon ity
Ab'wslo

Aaneim distane? [rom
Sen

Eoandictane ¢ frorm Sun

M:uuinum Jdi: tunce from
Son

s distance from

P ooy

The bnian nhonjnal C‘ nnnnn ]
20 nLen PRyLiCaa G

3600 miles (?)

24.43 x 10% cubic
miles

0.094 (?)
Unknown
Unknown
Unknown
Unknown
Unkoown
Unknown

Unknown

Unknown
0.04

4590.45 x 10
miles

6

3675.3x 10 miles

2760.15 x 10°
miles

4650 x 10% milea

Minimum distance iromn 2700 x 106 miler

Earth

Orbital speed 2.98 mles/sec
Orbit eccentricity 0.249

Orbit inclination 17°19
Inclination of axis Unknown
Length of time to com- 247.7 years
plete one revolution

around Sun

Length of day Unknown
Number of moons 0

SUMMARY OF PLANET DATA

A complete pummary of all of the planets’
characteristics o given in Table 12,

NATUIIAL AND INDUCED ENVIRONMENTS
In addition tn the natural environments pre-

vicusly digscussed, all flight vehicles arc sub-
jected to induced environments during opera-
tion. Some of these Induced environments, such
as acceleration and vibration, are brought about
strictly by the operation of the gystem; others,
such as aerodynamic heating, are caused by
interaction ¢f the system with itg natural en-
vironment. In contrast to all the natural envi-
ronments, induced environments do not exist
without the system.

Some environments, such as tempoerature,
can be both natural and induced. Their effects,
however, are the same reogardloss of how they
are proziuced. The reason for separating en-
vironments into the broad categories of natural
and induccd s thatitsimpliiiics the mvironmon-
tal analysis (Chapter 4) during equipment de-
s8ign,

Although the various environmerts are gen-
eraly thought of lndlvldual.lr, a flight vciicle
never encounters them singly, tmt in combina-
tions, The peaks, or extremes, of the environ-
nients may be encountered individually, but
nevertheless other, lees scvere vnvironments
are present at the same time wnd must be con-
gidered, In eddition, during .t8 rnission a ve-
hicle wlli encounter_ a continuous gamut of
changing environments, each of which may be
affected by that which preceded it, The many
comblnations and sequences of envi:onments
that are possible include both the natural and
induced types, Thus, adequate information on
both natural and induced environmaenis is man-~
datory if a vehicle t8 to bec designed elficiently

and economically for reliahle cperation. The
natural environmentd have been covered in pre-
vious portions of this chapter. The induced en-
vironments are discussed In Chapter 3,
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‘Ihe wype and severity of induced envirun-
menth envountered by conventional airernft de-,
pend prunarilyon the kind of aireraft and on its
speny, The acceleration at takeoff of propeller-
driven and turbo- Frop aircraft ls generally
grrealer than that of pure jets, Once in the air,
howelrer, most jet alreraft experionce greater
accelerations than do the propeller-driven or.
tuil- reop types, Tn addition, alrcraft that use
some means of rockst asalsted takeolf, plus.
thuse that ﬂmplnr aerodynamic braking, exper-
lence large acceierations.

The induced vibration caused by the engine
is alfo dilferent {or various alrcraft. In piston-
enpginje aircraft, the vertical up-and~down motion
of th pirtons scts up low-Irequency vibrationa
th=t 1w mmore gevere durleg landing than during
flight, In contrast, the turbines of jet aircraft
causy{ high-frequency vibrations that are most
severe during flight,

Aery~dynamlc heating of an alrcraft surface,
althogigh always present to some degree during
{lizhi| hecomer a consideration only under cer-
tain ¢onditions of speed and altitude. Flight In
the liwer, denser layers of the atmesphere, and
at hi;’h speeds Is especiaily conducive to aero-
dynamnic iieating. This, however, is vastly dif-
ferent than the reentry environment of baliistic
miss les, satellites and similar vehicles,

supe ~mmr and Hypersonic Ramjet and Rocket-
Powqred Veniclag

In | general, the natural environments en-
coun|ered by supersonic and hypersonic ramjet
and rocket-powered vehicles are the same as
thnu¢ previously discuased for conventional afr-~
criafl, S ae of these environmenta, however,
such| ag low atmospheric pressure and denmty
are nore severe lor ramjetand rockct-powﬂre(i
vehuflcs becauseof their greater altitude range.

Tha induced environmenta and flight paths of
hyper;onic ramjet and rockei-powered airceali
are [fl,-eiy related to those of the super-aero-
daynjmic rocket glider, They are discussed
jomn Lly in the following paragraphs.

Rochal = @owernd  Super - Aerodynamic  Glide
Vonilels )

Rcket-powered super-aerodynamic glide ve-
hicli:s nge the centrifugal force created by
noay orbit -1 speeds and a2 minimum of aerody-
namic Lift 1o provide an equilibrium flight path
whige circumnavigating the Earth Inan approxi-
mate yeeat circle, Durlng the boost phase, a
phial vemese will experience a severe noise en-
virqnimment, The principal noiae source during
thas| phase 18 the rocket engine, which generates
a pwer Jevel at the exhaust of nearly 200 db at
thellow ranszes of the [requency band, As the
veh cle rigses, the sound pressure level may
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Vibrations durin booat &
range {rom 20 to 4000 cps™*aErbdy 'mlc"hnd
than 15 g's. During the sus'g hgck ‘wavé,
of the boost gshmm, vlbm*to;‘d éatgatlon rg@a ol

lesa than 2.5 g's, and {rom
about £.5 g's are likely. §§u§ o if, 8
ﬂ;ﬂ tsmpPPﬁ-

accelerationa from the lm
rockot engine areo cxpecte«

9 g's. Dur%ng boost or sepa PAS&{R H‘B‘F'l
order of 50 to 200 gutc\:‘ NN e
millizeconds are provable, po.pe S

tures due to aerodynamic hi;
to 700 F (260 to 370 C)./44

The super-aerodynamic g
which glide vehicles oper
from the aervdynamic reg
density rather than flight »
tical purposes, in the ae
air in dense euough to be [
wum, However, at the higly'~ e inrerts’
quired by the extreme spe 1& 456 'the ‘simb as
glide vehicles, the air isi . o)eq, previously
ceases to act as » continuu ital p;roblemb a880%

roblem of aerodynamic h it de vanl‘cle {nito the

igh altitudes, ahove 500,({ht14 a mdnl haie lu'e
layer cannot be formed nipt, . 1- v i e
oparates at this height itsf.. - Tranly v
determined essentially by |5~ -m g asme an

irradiation, This resulis lumdedens - ‘ﬁﬂ‘h‘“""""’ﬂ"mﬁ p

betweesn the skin temperal: * 5 7 - @5 Gy W
slde of the vehicle and on tjxiehe ieatih, Nawiot T
1 ._"&_m mlﬂ-u. ?"en
The thin atmosphere at/™:- .-y »rivind
has the effectofconverting/ " =~ - ' -
of individual molecules, 7
pinge on the skin of the =~ b il
"sputtering’ phenomenon th, 5N, o e ma s e
ting and crosion of the sur ipitation data present
bour every hour and
During flight, hypersonumas enationgiig thn
super-aeredynamic vehicld £ e¢iody of Attt and
the physical dimensions ikt

which depend upon the hlv,.

airfoll leading adges, Den
he shock wave, and in bs
wre and dymmlc viscosit)
higher than (n front, H

.percentage of time
which clock -hour and

An induced enviconinen dpltation equal or ex-

s th per hour aut selected
affect both the gl

zero gravity. This condi L ebzl“l considérs
vehicle's orbital phase, |°° tain the rates of

»rau equal to or ex-
brief peciods during certa inch per hour must be

lctermined that 95 to

The trajcctory of apro
shown in Flg, 2-25, toget!
natural environmants exi.iec
hicle’'s altitude range, Ii
the atmosphere the natur

countered by a glide vehilds
those [or other mamwd
discussed. .The environm

vonsidey s

=14

denser portions 01 e Egal-
tovered in alater paragra
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MISSILES

Misstles may be divided into the following
catepories:

1. Pilotless conventional aircraft.

2. Pilotless Ligh-supersonic and hypersonic
ram;<. and glide missiles,

3. Ballistic missiles.

Of the three, only ballistic misailes will be
covered, since the misgior profiles and accom-
panying environment.; of the other two are simi-
iar to manned aircraft.

Fro iong -range ballistic missiles, the flight
path econsists of three sections: (f) powered
ascent path, (2) eliiptic trajectory, and (3) re--
entry path. The ypes and extremes of envivon-
ments encountered in each of these sections va-~
ries, However, a common feature of all the en-
vironments encountered ia the extreme rapidity
with which they change, due to the high veloci~-
tics atiained. Generally, the overall flight time
of a ballistic missile is less than an hour, even
for runges as iarge as half the circumference
of the Farth,

Powered Ascent Path =

The powered path of a ballistic misgile con~
sists of a briel period of inltense acceleration
diring which the missile gains the momentum
necessary to carry it along its trajectory. This
portion of the flight path begins with engine 1g-
nition at launching and ends at the departure
puint, which 15 the poiiat at which the rocket en-
gincs cutoff and the missie enters the ballistic
traicctory towards its destination, For long-

reny. 1aiz ldes, the departure point lies at an -

al'ilude somewhere between 400,000 and 700,000
€ +

o
AT,

Along the lower portion of its powered ascent
path, 2 ballistic missile may encounter any of
U natural environments previcusly discugsed,
Seme 01 e aatural environments pregent along
e umer partion of Lthe powered ascent path are
£ ranin i, 2-26,

Some intiuced environments experienced by a
ppssile inclade: acceleration, shock, vibration
and aerodyreanic heating, The acceieratlcn is
¢« pevially severe, since it is important to pro-
P L tie niissile through the dense, lower layers
¢t the atmosphere as quickty as practicable In
order to keeppravitationid losses to a mainimum,

Fliptic Trajectory

The flight path of a ballistic missile follow-
iny the powered ascent is a section of an ellip-
tic orbit whose track lies partly below the eur-
froe of the Farth,  For the purpose of this dis-
caesion, the elliptic trajectory can be defined as
that part of theihight path Letweon the departure
p int and the start of reentry,

While traveling in its elliptic trajectory a
missile may bedisturbed by atmospharic eilects
or gravitational anomalies, However, for mis~
siles with & range greater than akout 00 nauti-
cal miles these disturbances ave small. GCther
natural environments that exist alongé the ellip-~
tic trajectory are shown In Fig. 2-26. Long-
range istic miseilea with lofty trajectories
gﬁ{ also encounter the Van Allen radiation

An important induced environment encoun-
tered by a ballistic missile along its elliptic
trajectory is zero gravity. For a missile of the
Juciter range (IRBM), this can last for as luag
a9 11 minutes; for an ICBM it i8 even longer,

_P.eentsz Path

The reentry path of a ballistic mizslie siarts
where the migsile enters the aerodynamically
relevant atmonphere, The most severe natural
environment encountered i3 the abruy* increase
in atmospheric density, which in turn induces
dececleration and aem&ynamhc heating of the
misgile. As the temperature rises rapidly, an
foa sheath is formed around the vehicle, Thie
sheath is bounded by the shockwave and the ve-
hicle snd causes communications ‘rnterference
aud possibly complsts blackowl duileg resntsy.
/44/ The sgeverity of the induced environments
expericaced during
factors: the Leight of the missile trajectory and
hence the reentry velociiy; the angle of reentry;

and the shape of the mizsile, 'These are dis- f:;l;j"’

cussed in a iatter paragraph.

EARTH SATELLITES

Depending upon the altitude at which they

operate, Earth gatellites may be divided into
two calegories: palellolds, and irus Satellites,
The satellold orbits at coruparatively low alti-
tudes, and, because of the existing aerocdynamlc

drag, requires thrust power to overcome the ’

drag and keep the velocity constant, Without
thia thrust power, the satelloid would be unable
to complete even on2 revolutior, The true sa-
tellite, on the other hand, orbits athigh altitudes
where the atmosphere {8 extremely thin, and
thus requiree no suslaining thrust power.

Batelloids

The satelloid represents a transition {row ua
acrodynamic veilcle to a {rue spaceo vehicle, It
operates within an altitude range of 60 to 150
nautical miles; tco low for a satellite, and gen-
erally too high for a glide vehicle, Inagsmuch as
it operates under sustaining power, the satellold
resemblen an alrcraft and may be subjected to
many of the same induced environmenis as air-
craft, such as vibratton, nolae, etc,

At low galtitudes, the most critical environ-
mental factor affecting satellold operation 1s
skin temperature resulting from aerodynamic
heating. Above about ‘10 nautical miles, the
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amount. of skin heating is determined to an in-
creasing extent by sclar radiation, and, as a re~
sult, large differenccs cxist bewween the skin
temperatures on the lighted and shaded gides of
the vehicle. Other natural environments en-
countered by satelloids are shown in Fig.2-26.

A3 a satelloid’s orbital lifetime 1 extended,
a ceriail a2mount of pitting and ercsion of the
skin will take place as a vesult of impact by at-
mospheric molecules, mlicrometeorites and
other particles. Another {important environment
encountered by a satelloid, as well as by true
satellites, is zero gravity or welghtlessness,
which prevails for the orbital lifetime, ]

Sateilites
Depusaing upon the distance a. which they
orbit the Earth, satcllites may be divided into

two categories: terrestrial and cislunae, siany
of the environments experienced by ecach are
anique and therefore they will be treated gepa-
rately.

As shiown in Fig. 2-27, terrestrial space be-
gins at an altitude of approximately 100 nautical
miles, below which true satellite operation is
impossible, and exiends out to about 10 to 14
Earth radii. From an environmental standpoint,
the major couasiderations in terrepteial space
arc: (1) otmospheric gases, (2) gravitational
anomilies ani {3) the geomagnetic {ield,

The density of the atinosphere, and hence the

dra: un the saicllite, decreases continuously
with increasing altitude (Fig, 2-26), The in-
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Pis, 2-27. Terrestrial and cislunar space.
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creased orbital lifetimes made possible by the
rarified atmosphere increasaethe exposure timao
of the satellite to meteoric material. Meteors
and micrometeorites are especially concentrated
in the plune of the Earth’s orbit, and a satellite

with & polar or near polar orbit is therefore

least susceptibie to bymbardment,

Satellites operating In terrestrial space en-
counter gravitational anomalies caused by the
asphericity of the Earth, especially ita obfate-
ness, and the inhomogeneity of its musa aistri-
bution, From an envirenmental standpolnt, the
ﬂ'avltatlonal anomalies are of asignificance only

that they causc precession of satellite orbits,
and thia precession changesthe gatallite’s dura-
tion of exposure to sunlighi.

lateness is Inversely proportional to the cupe of
the distance. At ten Earth radif, o appruxi-
mately 40,000 miles, the perturbation cue wo the

Earth’s oblateness equals that induced by the

Moon, Thusb;.xizond this distance the perturba-~ . '

tion caused e Moon gradually becomes more
dominant. Gruvitationally speakizg, theraiore,
terrestrial space erd9 at a distance of approxi-
mately ten Earth radii.

The geomagnetic field ie environoentally
important in terreatrial space because it traps
incoming solai aad cosmic radiation to furm
the Van Allen radiation belt (Chapter 2), Mea~
surements made with Explorer IV, Ploneer III
and Pioneer IV have shown that the radiation
belt is oriented symmetrically around the mag-
netic equator and contalns two zones of radia-
tion, separated br a gap about 5000 nautical
miles wide. According to thao latest available
data, the regilon of maximum radlation in the
inner zcae extends from about 1400 to 3400
nautical miles and that of the outer zone from
about 8000 to 12,600 nautical miles,./44/
Thereafler, the intensity gradually diminishes,

reaching the level of ambieat cosmic radiation 7

at about 15 Earth radii.

Cislunar gpace be%lna beyond the locsely de-
fined limit of 10 to 14 Earth radii. No percep-
tible radiation, except for primary cosmic rays,
has heen detected in cislunar space by either
the American or Russlan Moon pruies, The
density of gases in this reglon !s extremely low,
being on ths order of 1000 gas particles per
cubic centlmeter as compared to approximnately
3 x 107 per cublic centimeter at ap altitude of
about 600 nautical miles,

Althou not-an environment in itself, the
orbital lifetime of a satellite may be considered
an environmental parameter. The longer the
iifetime, the longer the satellite 8 exposed to
the envircnment, Some of the many factors that

. affect orbital li{etime are altitude, orblt eccen-

atmospheric density, abundance of
charged particles, and the shape and density of
the satedite, Qrbital lifetimne and supporting
data for eatellites launched from 1957 through
1959 are listed in Table 2-)3. The data for the
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Table 2-13. Satellite Data/45/ , ::;\
- Initial (;. ;
orbital Nl
Weight Perigea | Apogee | perfod | Lifetime i
Satellite (lbs) Shape Dimensiona (mi) (mi) (min)
spuniv [ ~184 spiaore dia - 22.8" 142 688 80.17 180 days
Spmtnik I1 >1120 complex ? 140 1,036 103.7 155 drys
Explorer 1 20.4 cylinder length - 80" 224 |} 1,873 114.8 3-6 years
dia - 6"
Vanguard I 3.26 aphgre dia - 6.4" 408 | 2453 ? 200-~1000
years
Explorer IT1 31 cylinder length - 80" 121 1,746 116.87 94 dagys
dia - 6" -
Szanntk X > 2925 cone length - 11.75' 135 1,176 106, 1,00 yeary o
= base dia - 5.67' - F"‘-
Explorer IV 38.4 cylinder length - 80,39" 163 1,380 | 110.27 | 450 daya i
- dia ~ 628" - b’
Atlas-Score 8750 cylinder length-85" dla-10' 110 220 101.48 34 days ,;\é
Varguard II 20.74 sphere dia - 20% - 347 | 2,064 125.85 | ~10 yesrs ;
Discoverer 1 1300 cylinder length - 10,2* 99 605 | 069 |~6 days 34/;4-1
dia - 5' -~ - : R
Discoverer II 161¢ cylinder length - 19.2 142 220 | 0.5 | ~13 days )
dia - 5'._. - &"5)
Erxplurer VI 142 spheroid, with | dia - 26" 156 26 3587 12,6hra | »year S::::f
flattened bot- depth ~ 29" ® /
tom and 4 vanes - 18" x 18" = b
solar vanes or A
paddles —_— . ‘:‘_.,5
Discoverer V 1700 - length - 27" 138 450 94 34 days :\_;:
dia - 337 N
Discoverer VI 1700 - length - 27" 139 537 N4 62 days o Y
dia - 33" i "!
A
Vanguard 1 100 sphere, with sphere dia - 20" 319 2,329 ? 30-40 yrs ;.-::.4
tapered tubu- extensiun - 26" g r:\-‘
lar extension Lo
VLo
Cxplorer VII 91,5 2 truncated base dia - 30" 342 €80 101,33 | ~Z0 years IR,
cones joined length - 30" e
at base S
Liscoerer VI 1700 - length - 27" 100 620 ? launched [
dia - 33" Nov. 20, >
1659 ﬁ:w,
CEP NS
Inecoverer VI 1700 - longth - 27" 130 1,036 ? ~14 days EEE S 3
dia - 33" ; ‘:.r
DAY,
At Able a72 spherold, with | length - 39" - - - launched do
4 sular vanes depth ~ 55" Nov. 26, . __.‘
or paddles vanes - 24" x 24" 1959 ' at
altitude L e
- - e
.r:/
e
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o
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Discoverer satellites may notbe representative,
since the ejection of a recoverable capsule may
have led to unpredictable disturbances of the

satecllites’ orbits,

Launching and Reentry Environments of
Zatellites and Satelloids

During lavnching, we environments on-
countered by satellites and satelloids are simi-
‘ar to those encountered by a balllstic missile
during powered ascent. 1In addition, satellite
type vehicles may be subjected to a severe
shock environment upon being "boosted into
orbit. The environments experienced during
reentry are discussed in a later paragraph.

SrFACE STATIONS

Space stations are inhabitable Earth satel-
iites. They are placed in orbit in a manner
gimilar to instrumented satellites and encounter
ossentially the same environments. In con-
trast to an instrumented satellite, however, a
Jgace station cannot orbit at any arbitrary aftl-
tude. Unless it is heavily shielded, the station
musl orbit eithcr albove or below the high inten-
sity regions of the Van Allen radiation belt, To

1 . !
D Larth i
]
« Noon \ i
TIPSR 1 J
. - ‘
£ 5. Y
N
T P4
—— _>‘—--_____.I____.— \:‘ f

A Direct hyperbolhic Enccunter
£ ketrogonce Hyperbolic Encounter

Cirezt Lunar Circumnovigalion }

-
-—
R e -
o N
[ ~
. o7 -
-

~——

Ratrngrade Lunor Circumnavigation

.- AR N -

Lunagr Capture

~ . .

—

Lunar Impact ond Lunar Landing

Vi, 2-28. Possible {light paths of Lunar
vebicles,

2-4

atay above the belt, it la expected that the orbi-
tal distance must be greater thanabout 15 Earth
radil, and at the present time this 8 not tech-
nlca]iy practicel. The highest altitude at which
the station can orblt and ramain below the belt
is about 350 nautical miles, For permanent
stations, a lower altitude limit of about 200
nautical miles is pet by the atmosphere, Thus
a relatively narrow corridor between 200 and
350 nautical miles is left for the operation of
space stations. Nlore detatled data on the natu-
ral environments existing in this corridor, es~-
g:clally corpuscular radiation, must be obtained

fore a permanent manned space station can be
establ!shed.

LUNAR VEHICLES

Bascd on thelr intended missiong, Lunar
flights can be divided Into the following groups:

1. Hyperboiic encounter,

2. Lunar circumnavigation.

3. Lunar capture {lunar satellite).
4, Lunar impact (hard landing).
5. Lunar landing (soft landing).

The flighi paths fullowed by vehicles in sach
of theae grouns are shown in Fig, 2-28. It should
be noted that Fig. 2-28 is purely schematic and
is inclvded for explanation purposes only. It
does not show true Lunar vehicle paths as they
exist in space.

The environments encountered by Lunar
vehicles before they reach the vicinity of the
Moon have already been discussed. Once the

~~ vehicle approaches the Moon, thetype and seve-
rity of environments experienced depend upon

. ite ﬂéﬁh: path, Vehicles that land on the Moon
as w as those that become lunar satellites,
will be gublectedtotemperature shock due to the

--extreme temperature difference between the
light and dark sides of the Moon. Also, Lunar
vehicles that ignite an auxiliary propulsion sys.-

~tem to exercise a powered maneuver near the
Moon will be subjected to acceleration or de-

__celeration, as well ag shock and vibraticn, For
Lunar impact vehicles, which fall to the Mcon’s
surface under the force of gravitational attrac-

- -tlon, the most severe environment encountered
is the extreme shock at impact,

. The surface of the Moon must also be con-
sidered from an environmental standpolnt, al-
though it is not known for sure whether it con-
__ sista of a hard crust or I8 covered with a thick

layer of dust-like material. In addition, the

almost nonexistent atmosphere of the Moon will
- provide vehicles with little shielding from the

intense bombardment of meteoric material and
__polar radiation,

Ancther natural environment that will be en-

z-countered on the Moon i8 low gravitational ac-

celeration. Its value at the Moon’s surface 18
~ only about 18 percent of the value on Ea.th,
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INTERPLANETARY VEHICLES

For the purposes o this discussion, inter-
planciary vehicle refers to aspace vehicle trav-
eling between the Earth and another planet. A
flight path scquence that might” be followed by
a vchicle traveling [rom Earthto Mars {8 shown
in Fig, 2-29, The vehicle I8 placed into a low-
attitul. orbit arovndttc Earth when both planets
areat (A). A suitabledeparture position is reach-
ed when the planets are at (B),-and the vehicle
18 then hoosted out of its Earth orbit, It coasta
out of the Earth’s relevantgravitational field and
comes under the {nfluence of the Sun’s gravita-
tional field, If undisturbed, the vehlicle would
travel in an elliptical orbit around the Sun, with
its orbit crossing that of Murs at(C). However,
both Mare sl the vehlcle arrive in the vicinity
of{(C} ;. the saume time, and the vehicle I8 "cap-
tured" by the planets gravitational fleld, A
powered maneuver is then required if the vehicle
ib either to land or become a satellite of Mars.
Similar types of flight paths may be followed
by vehicles traveling to planets other than Mars,

Many environments encountered by inter~
olanctary vehicles depend upon whether thay are
truvelling foward or away from the Sun, With
increasing disiance from the Sun, corpuscular
radiatinn, as well as solar light and heat, de~
crease in intensity. Converscely, for a vehicle
traveling nearcer Lo the Sun, these environments
become more severe, The asteroid belt, which
is conventrate 3 between the orbits of Marsa and
Jupiter, becomes an environment {ar vehicles
traveiing to Jupiterandthe moredistant planets,
Other environinents that may be encountered by
vehicles in interplanetary space are dust, me-
teoric material und comets,

Upen arriving at a particular planet, a vehi~
cle will be subjected to many environments.
Atmosphere, mee - elic ficld, gravitational ac-
coleratiomanasurtace characteristics vary from
planct to planct. Mars, for example, has an ex-
tronicly thin atmosphere while that of Venus iu
rclatively dense,  Similarly, some planets are
tw-jicerod 13 have fairly weak magnetic fields
while itappearsthat Venus possesses power[ui
one, aud cooseqiently, a radiation belt similar
1y the Eart's Van Alfcn belt, but {ar more in-
tense, A dotailed discussion of planetary en-
Vi ments is contained in previous portions of
s chiagter,

REFHTRY ENVIRONMENTS

Heentry occurs when a vehicle returning from
spatce enters the Earth'g relevant atmosphere,
The kinctic eneryy of the returning vehicle is
enormous, and the relatively rapid dissipation
of this eneriy results in gevere acrodynamic
heatoryr and deceleration,

Aeradveamie Heating

Aciodynamic heating, caused by the intense
friction between the vehicle's skin and the alr
molecules, ic the most destructive rcentry

Rl N Mars(B)
“Mars' >
Orbi' —
— Mars
Eartlis Esm (A)
-Orbit -\ Earth(B)
\ vehicie
_ k | Path
~ Ovbit
— — - ./ Around
T~-~-"" Earth

__ Fig. 2-29. Possible flight sequence bhe-
~  tween Eerth and Mars,

environment encountered, The high air density
and high speeds {nvolvedcan cause the skin tem-
~perature of the entering vehicle to goas high as
200 R, Factora thut determine the severity of
—aerodynamic heating include: (1) speed of re-
entry, (2) reentry le, which i8 measured with
- reﬁp:lct to the local horizon, and(3) shape of the
vehicle,

Lower reentry speeds decrease aerody~
namic heating by reducing the friction between
atmosphere and vehicie, Smaller reeutry angies
ais0 decrease aerodynamic heaiing, since tie

vehicle passes more gradually through the at- »

mosphere, thus allowing more heat to be dissi-
pated into the stmosphere than intn the gkin,

The shape of the vehicle, especially its blunt-
ness, has an important effect on aerodynamic
heating. Slendsr and sharp, or polnted, bodies
have more surface area exposed to the airflow,
and therefore build up a thicker boundary layer
(see Fig. 2-30). The shock wave at the pointed
nose, or edge, is generally not as steep, and hence
weaker than timat of a blunt body; and the air flow
velocity behind the shock wave, as well as the
boundary layer friction, is muchhigher. Thig re-
sults in less energybeing dissipated into the alr
by the shock wave and more into the bourdary lay-
er and skin, Consequently, severe aerodynamic
heating takes place at sharp or pointed edges.

The shape of the vehicle also affrrts acro-
dyn..mic heating by influencing the reentry vel-
ocity and angle. A supor-aerodynamic glider,
for example, possesses some degree of aero-
dynamic lift, which enables it to maintain a small
reentry angle for alonger time than would other-
wise be possible, It should be noted, however,
that for a vehicle employing 1lift, the reentry
time is greatly increased, And, although peak
skin temperature i8 reduced, the total quantity
of heat that enters the vehicle is generally
greater than for a nop-lift producing vehicle.

Deceleration

As shown in Flf;. 2-31, the deceleration ex-
perienced by a vehicle during reentry is pri-
marily determined by the reentry angle, This

angle, measured with respect totheloral horizon,
{8 negative in a downward direction.

It can be
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Tiiz. 2-30, Acrodynarmnic heating as a

chana
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funciicn of

seecn that ths p-load increases rapidly for re-
entry anples rrcater than two degrees. This i8
cspeciadly daneercus as far as human trans-
portatnion is concerned, since small errors in
the reentry angle result in large changes in the
deceleration environment,

The dree pucaineter, CDA/W, which is a func-
tion of the vilacle’s shape and mass, has almost
nn eftect on the deceleration environment othex
than to chanve the altitude at wiich the pesk g-
joad occuss, Similarly, the reertry velocity has
little affect op deceleration. A elocity reduc~
tion of as much as 30 to 40 percent of circular
velotity ciuscs only relatively small changes in

=loard,

Communications Interference .

Extreme temparatures exist behind the shork

wave set up by a reentry vehicle with a blunt
shape. At these temperatures and the accom-
panying low pressures, alr molecules are dis-
sociated and to some extent lonized. This hot-
plasma surrounding the vehicle has a high de-

gree of absorption for radio slgnals with fre- ‘
quencies up to about 156000 mc; and since fre-
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quencles between 20,000 and 3Q,000 mc and be- )
tween 40,000 and 60,000 mc are attenuated by L
atmospheric water vapor and oxygen, only a N
limited portion of the spectrum can be used for A
radio communication with a reentering vehicle. o
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CHAPTER 3

ENVIRONMENTAL FACTORS AND EFFECTS

The eifects of the various environmentg on
{lirrht vehicles, suppert equipment, components
and materials are desciuoed in this chapter,
Natural and induced environments are covered,
Loth singly, and wherce information is avallable,
in combinations,

To aveid excessive repetition, the environ-
ments are covered indenendently rather than in
mission proilie cr flight path sequence,  Infor-
maticn on which particular environments are
likely to be encountered by flight vehicles follow-
ing snecific flicht paths is given in Chapter 2.

Because of the interrelation between environ-
mental effects and methods of protecling systems
and cquipment against these effecte, some cver-
lap ryists betwcen the information contained in
tins chopter and that contained in Chapter 5
(ENVIZONMENT AL PROTECTION), Thuse, for
maximum benerit these two chapters should be
used in cloce conjunction, )

ENVIRONMENTAL EFFECTS ~

Environmental effects fall into two general
cateorins: operational and mechanical.  An
operalionat € 2t jg one that does not actually
causce the sy<rem to fail, out nevertheless pre-
vents it from fuifiiling its intended misgion. As
anu uvxaaple, interference causced by a severe
clectricnd storm caa make radio reception tm-
possitie) even though the yeceivig equipment is
in good vperaung condition. A mechanical ef-
fect, on ti odier hand, is an actual defect that
prevents oo system from functioning properly.
Lxarples of this are an antenna diamaged by
lich'nm. and a frozen starter motor,

Tasle 2-1 is a list of natural environments
showingwhebep theeffect of each 18 operationw
orechaccal, The same information for induced
environnmen's s shown in Table 3-2. A more
detwalredtable showmethe partion of the mission
prolde during which the various environmernts
will taast hikely be encountered, as well ag wheth-
er thor cfledts are operational or mechanical,
is i loded m Chapter 4 {Table 4-25,

TUMPTRATURE

Fardaneatally, temperature 18 a manifeata-
tim o e a4t erace translationad kinetic eneryy

| Dew

A

“| sky brightnesa

= o

Table 3-1, Natural Environments and
Their Effects

Effcui

Environment Opeorational | Mechanical

Albedo
Altitude
Clouds
Cosmic rays
Density

MoOMMM

XXM

Lissociated gasen
Fog -
Frost
Geomagnetism

‘| Gravity he
Hall

High-apand particles
Hurnidity

Ice (freezing rain)

4 Ionized gnses -
Lightning
Meteorolds

Ozone -
Pollution, air
Pressure, air
I Rain

Salt spray
Sand and dust

\
DIM MMM

PIpd MM

»
MMM

Sleet

Snow

Solar radiation
Temperature
Varuum

Wind

Wind shear

PMEANH MM N
»

i

AN
MM AN

" of the molecules of a substain~e due to heat apgi-

tation, It should be distingu’shed [rom heat,
whichis a form of energy, while temperature s
a factor affccting the avallabllity of encrpy.

Every wecapon sysiem is8 exposrd to many
varied temperature extremes from preduction
until the timeof participation in a mission, Tem-
peratures ina system are initially influcnced by
solar radiation and ambient air temperature,
System operation creates additional heat sources
that contributotusalface and compartinent tem-
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Table 3-2. Induced Environments Solar Radiation, Direct absorption of solar
and Their Lffects ~ eneIgy can inCreasw aiscraft and compartment
- temperatures well above ambient air temper-
" Effect * ature, Solar radiation is of particular impori-
-~ anceoaflight vehicles parked in the open and on
Eavironment Operational Mechanical equipwment stored without protective coverings.
, ) - Depending upon the materlal surface and tem-
Acceieration x perature, solar radlation 1s reflected or ab-
u x gsorbed in varylng degrees, Once the radiatior
Acmintics — 18 absorbed by the cuter surface of a flight ve-
X x hicle, 1ts effects un iemperature are dcpeadent
Acrodynamic = on the thermal capacity and heat transfer char-
heating acteristics of the skin and on the {light vehicle
heri X - gtructure, If the flight vehicle’s thermal czpac-
A“]‘“’“p ving ity and heat transfer capabilities are high, the
electricity absorbed heat will be stored in the material cr
lort 5 X distributed around the body with moderate tem-
Explos.sa perature changes. M the thermal cupacivy is
cing X smail, tzraperatures will rige mox< renidly./2/.
Molstur x Acrodynamic Heating./3/ The heat produced ,
olsture by the compression and iriction of air sliding
Nuclear blast X e pasta moving object ia gencra)ly referred to as
B ipe aerodynamic heating. Since this heating effect
{ncar migc) is proportional to the square of the Mach number,
wuclea x gubstlantial increases in temperature can be pro-
nuciear duced at high flight vehicle speeds,
radiation i
Chseb X Figure 3-1 shows a speed-temperature re-
lationship ai 456,000 feet fur vélocities up to Mach
conic bosm X x 10, The information i8 based on the assumption
Ronie But of a 0.9 recovery factor, no solar radiation and
Terparature X X
Turbulengs X X 7006
Yopor trails X A: Stognoiion Tempevotur /
_ at Sea Lave) -
Vibration X 6000 - B: Adigbatic Wall Tempera-
sary ZTAIY ture of Seo Level
AR — C: Stagnation Temperoture
5000 |- at 50,0C0 f4
pevatures, At supersonic speeds, aerodynamlic D: Adiabatic Wall Temp-
?
Veating boeeomes the predominating factor, fol- u erature ot 50,000 ft
Jewid by olectronic and propulsion wquipment ® 4000 |-
heating, and then by solar radiation, 5 ®
© , T
I Producing Sources % ey
T T T e [+ % P
Piiaht vehicle surface and compariment tem- £ 3000 ,'_.-__.-‘;1
peratures are Lroupght about by one or inore of %4 R
tne: four bollowing major heat gources: . "}:
Y. Ambiat air tanperature, 2000 |- L
2. Solar radiaton, :.r?c,;:
3. Aerodyanamic heating, ‘:ﬁ:-‘.q
4, Heatcnroducim: equipment, 1000 - t ‘-.:;-_,.
Ambient Air Temperatare./1/ On the ground, C’t{a
srument aee temperature is influnenced by many SRSy
f.cons, sowe of which are: Lo nature of the 0 : '@ A
b arh’'s suriace, peopraphical latitude, incldence - 0] 10 R
o enlar radation, seasen, prevatling winds, and . n
abinosphoeriee nnJm«m:s. 'i'«:mpcmlurcs ov':;' the Spred, mach number "’rtf:
cntire Earth o from about =117 F (-83 C) o - i r:,.’-.,(-f"\
1o P (57 C). Four short periods, both the low Fig. 3-1. Temperature versug speed (o t\, ¥l
ard hich tempetatu es can be_exeeeded, ) Mach 10./3‘_\/ . .
s AT hOA
M 'y
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standard atmospheric ternperatures. This 1l-
lustration grapiically shows the dangerourly
high temperateres that are rcached at speeds
exceceding Mach 2.

Heat-Producing Equipment. At low specds,
the principal source of ilight vehicle heat 18 the
equipment within the vehicle itself, Electronic
quipment, electrizal rotating equipment, power
plants anascy .rl othertypes of alrborne equip-
ment can produce gufficient heat to ralse com-
partment temperatures appreciably.

Although the heat produced by any plece of
equipment could be critical, cJectronic and elec-
trical equipment are geneially considered the
major internal heat sources. The trend toward
miniaturization and greater power output also
accentuates the lacal flight venicle heat intensity
prehlois,

Power plant heating is a critical factor in
compartments surrounding the engine, Although
thermal insulation is generally used, sufficient
heat is tran=ferred to those arcas immediately
adjacent to the engine to restrict severely the
installation of other equipment, ~

Temperature Fffecta on Muterialg

Heat _and _Cold./4/* Heai and its correlative
cold, or the absence ol heal, act as zpgents of
chemical and physical deterioration for two basic
reasons, First the physicalproperties of almost
all krown materiads are greatly medified by
chany s in temperature; and second, the rate of
almost all chemical reactions is markedly in-
flurnced by temperature. For chemical reac-
tions, a far diar rule-of-thumb is that the rate
of most reactions deubles for every rise in tem-
perature of 10 C. Most chiemical aclivity i step-
ped up by heating and slowed duwn by cooling.

All cliinics]l and physical agents of dete-
rioratinm extit_it mutoally interrelated actlons,
and 10 ig not alwaye easy w distinguish betw -en
thetwo except in the most superficial v-ay, The
efiect of hoeat and cold on materials is 10difled
Ly the presance or absence, or by the relative
inten:aty of other agents like moisture, sunlight
and oigen,

Fhusieal _Lffects.  Aside from the fact that
mny materiais underyo a chaonpe of state with
the rrguired Spercase or decrease in tempere-
ture (tnnt s, solids relt, lignids freeze oy boll
aaay into pascr, ard goses condensae to ligulds)
purhaps the ol important physical effect of
addition or remnval of heat un waterialg §8 that
of Guanecein dimensions, With very fow excep-
tions, all knovn matestals expand en Leating and
contract on cooling, and different materials ex-
pand and contraet at different rateg, Parts do
not a-adly fittogether at one temperature in the
farie way as they do ut another, fhus, changes
e the wemperature of certabn angemblica can

*1rom Detevigration of Matesfal - Causeg
avd Lreeniice Gechnigues ) by Glen AL Great-
Boeosr and GV, Wessel, courtesy of Beinbiold
Puta-dangs Corponatiom, Baouk Diviglor,

Material (,oe(gl: 1:;:; ;i m&%s;ion
7 Po;'ct;Mn ' 2.9
Carbon - 3.0
1 Chromium - 34
Wood (average) 3.5
Glass (average) 4,5
17 Titanium 4.7
Steol, soft rolled 6.3
1 1tron 6.0
Nickel 74
Copper 9.2
Zinc 9.4 - 22
Bronze 10.0
Brase 10.4
8ilver 10,9
Tin 11.0
Almipum 13.3
Moymestum 14,0
Cadmlum 16 9
Rubbor 42.8

~

result in some componenis being {orced apart
while others are unduly compressed. The co-
efficlents of expansion for some commonly uged
materials are listed in Table 3-3.

Moreover, most materials, for lack of per-
fect hast conductivity, do not ordinarily heal up
or cool off uniformly throughout their volume
but do a0 by a seriea of temperature gradients,
Hunce, the several portions of g single pisce
may expand or contract at different times and
different rates. The result in mosnt cases I8 a
complex systern of iuternal stresses that the
material may or may not be able to withstand,

Chemical Eifects. As tergperatures increase,
most materials not only show a change in ph{ﬂ-
“ical properties of ona kind or another, bt they
are also more likely to undergo chemiasl changer,

_These changes take place within thy mutartal

or by chemical reaction with other elements of
the environment. Chemical reactions proceced

-more readily at high temperatures than at low

ones,

Table 3-3, Linear Coefficients of Expansion
for Some Commonly Used Materials/3/
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On exposure to elevated temperatures many
organic materials, especlaily thogse of complex
structure, undergo Internal chemical changes
such as rexzrrangement, polymerization, cleav-
age and vyrolysis. Certainplastics, for example,
experience continued polymerization under the
influence of temperature; others undergo split-
ting of polyiner chains. And finally, increases
In terip-ralure encudrage the reaction of many
malerials with wawer (nydrolysis) or with oxygen
{oxidation}), or both,

Low-Temperature Effects./3/ The effects of
low temperatures on matevialg are a8 follaowa;

1. Lubricants become more viscous, loosing
lubrication wna iig# qualities,

2. Rubbers, particularly carbon based types,
stiffen, become brittle and eventually crack.
Rubber shock mounts lose their resilience, and
load-carrying rubber parts suck as tires, lose
strength or become temporarily deformed.

3. Most plastics become brittie and fracture.
However, some thermoplastice, guch as Teflon
and polyethyleune, maintain satisfactory pliabil -
ity. Electrical characteristics of plastics are

rnot altered appreciably.

4. Most hydraulic fluids thicken, and th sys-
tem becomes s A9,

5. Nost structural metals exhibit a decrease
in impact prererties.

6. Leather becomes stiff, and cracks and
tears casily vnder tension, torsion or impact.

7. Yeavy fabrics, like canvas, become 80
inflexible they cannot be fuided or unfolded with-~
out danger of Freaking or tearing.

8. Some materials, notably glass and wond,
are il appreciably affected,

Hich-Terperature Etfects, Theeffects of high
tei] v iatars 5 on materials are as follows:

1. Greases become thin, break down and
oxidize, The oll bLase evaporates and the soap
bari «hars undrr the increased [rictional heat.
Lubricating oils evaporate or oxidize, forming
aladian,

2. When in contact, lubricants, hydraulic
fluicd, and various metals undergo a complex
chemirad reastionthat leads to (1) a decreascin
Ihrivant life and (2) corrosion of the metal,
Motols aliveted this way include cadmium, cad-
mittta atloys, 1ead, lead olloys, magnesium, cop-
per and siver, Steel, aluminum and titanium
are not affcoted appreciably.

3. Poblers, both natnrel and syathetice, be-
cotue pummey, take on a permanent get, and de-
(rease an tensile strength,  The temperatures
al which various types of rubber become unus-
able e storwn in ‘Table 3-4,

4-4
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Table 3~4. Degradation of Rubber by High

Temperatures /3/
‘Type of rubher | Highest usable temperature F (C)
Silicone 500 (260)
Polyacrylio 860 (177)
Buna-N 349 (171)
Neonrena : 318 (167)
Butyl 300 (149)
Bunu-8 280 (138)
Natural 260 (127)
Thiokol 260 (121)

4. Organic materials deterlorate, and leng-
range aging processes are accelerated.  The
heat dislortion of most thermoplastics is below
203 F (95 C), and cellulose “egins tc deteriorate
at about 212 F (100 C).

5. Hydraulic fluids evapc rats, hreak down
and oxldize, '

6. The strength of most flight vehlicle struc-
tural materials decresses,

R%M Thermal shock refers to
sudden changes in temperature, which result in
high temperature gradients, Depending upon
the severity of the therinal shocks and the ra-
sulting stresses, the effects can vary from little
or no damage to complete rupture.

Thermal shock will be encountered most {re-

PP | PUR RPN (R ¥
guently when flight vchicles that have Laen axe

.posed to low temperatures for long periods are

quickly brought up to maximum speeds./3/

Temperature Effects on Components

Extreme temperatureg are frequendy the
cause for the fallure of component parts. The
_general effects of temperature on various com-
ponents are described in the paragraphs that
follow. Electronic, electromechanical and me-

—chanical components are discussed under sep-

arate headinga,

" Electronic Components /5/

Resistora. The types of resistors presently
employed in military equipment genorally per-
form eatisfactorily af low tempcratures, although

~-large resistance varlations in high value com-

position resistors can be expected, High tem-
eratures cause most resistors to fall rapldly.
loth  reversible and irreversible resistance
changes take place.
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Wilhin the temperature range of <67 to 47T F
(~55 to +25 C), the resistance of wire wound re-
sistors usually varles less than 1 percent. The
aclual extent of the resistance change for any
particular resistor depends opon its nominal
valuc and the resistance material used, Use ot
digsitnilar metais for control shaits and shaft
bearings of continuously variable resistors (po
tentiomeio~sand rhepstat3) can result in exces-
sivetightness orivoseneas of chaits at low tem-
peratures, Binding of the shafts can alsc result
if proper lubricants are not used inthe bearings,
The torgue required to rotate the movable arm
oi some units operated at ~67 F.(-55 €} can
cometimes be more than 50 times as gireat as
the turning effort needud at room temperature,
Temporary electrical discontinuity in variable
wire wound rosictores, due to ice formation or
hardeaiug of thelubricant on the resistance ele-
ment, have been reported at -67 F (-55 C)./6/

Composition resistors, both fixed and vari-
able, can show resistance variations of irom 10
to 50 percent a3 the temperature varies from
-67 to +25 F. The larger changes take place in
vesistors of highier nominal values, During ther-
mal cycletests performed between -67and +25 F,
rumernus cracks in the plastic insulating tubes
of certain fixed eomposiuon resistors developed
Althoursh the cracks do not adter the resistance
characteristics inmediately, they teadlo shorier
the life of the affected units, Variable compo-
sition resistors are subject to the same torque
and discontinuity dilficulties menticoned In con-
nection with wite wound resistors, In addition,
high temperatures cause the lubricants used in
all variable resistors to dry up, ooze out, or
migrate irom the bearings to other surfaces,

Cap.citors, Most capacitors are capable of
satis{actory opuration atirmneratures aslow as
about -43 F (~453 C) and often lower, The be-
haviorof Jlectra' ticandwax impregnated paper
capacitors Loemnes eritical at temperatures
between+22 and -40 F{0 and -40 C). Some types,
suctias tartaium, can operate at the lower tem-
peratures, but under soveral limitations.

Elcctiolytic capacitors exhibit large reduc-
tions in eifective capacitance at low tempera-
turcs, ti ¢ cxtean! depending upon the electrolyte,
trpe of 031, voltege rating and manufacturing
techniee, The series resistance, and consc-

quently tho impedance, of electrolytic units in-

Creasesgreatly at sub-zero temwperatures, Var-

intiene mmyenctorescand resistance with temper-
ature become greater at higher  {requencies,
Low termeratmres result intwo favoerable effects:
the dielectrie breakdown voliage increases and
the uireot vurrent leakapge values show an ex~
treme decrease, Storase of electrolytic capac-
itors w temperalures as low as -67 F (=55 C)
result: in no permanent harm and may even in-
hibit deteroration doe to acing,,

Mica capacitors peaform  satisfactorily  at
sub-z¢ro temaperatures, Capacitance and loss
factor warintions with tewpecature are quite
sl tomper tures down Lo =67 F (=59 C) amd
Iower, I pottiog, compounds of those types
Lovied fa coratne or molded caslugs erack, or

i{ molds split under thermal shock, relativeiy
large and perraanent changes in capacitance as
well a8 a-c lozses may occur if moisture enters
the affected units,

= Oti-impregnated paper capacitors function well
atcoldtemperatures. As ambient temperatures
areloweredfrom +77to -87 F (+25 to =55 C) and
below, a general reduction in capacitance takes
i)lace, although this property may show a slight
rereage down to about -4 I' (-20 €) for certain
tynes of oils. The capacitance reduction from
room temperature to =87 F (-55 C) may vary 5
percent for mineral oil impregnants,

Wax-impregnated paper capacitors are sub-
1ect to extensive cracking of the impregnate be-
ow -4 F (20 C). This results in pcrmaneut
changes in capacitance, insulation rezint-nce,
and a-c losses, easpecially U molsture enicro.
In general, the capacitor’s preperties become
;unpalred, with the dielectric failing ultimately.

Alr capacitors {including vacuum and insert
gag types) are relatively stable with respect to
capacitance and losses as temperatures are
varied. In some instances, variable types may
require considerable increases in torque to ro-
tate the movahle plates, probably as z result cf
improper low temperature lubricants,

~In general, high temperatures cause decom-~
rngition and dielectric fallure In elecirolytic and
~aper capacitors. Inaddition, temperature rises
result in increased d-c leskage current in elec-
trolytic capacitors, This causcs increased heat-
ing and drying out of the electrolyts. Rapid fail-
ure of the capacitor incvilably follows, Illigh
temperatures can a2lso lead elther to rupture of
the electrolyte or rupture of the container, both
of which result in capacitor fatlure, Afir cape-
citors are virtually immune to high temperature
effects, while variable g'r capacitors may be
affected by less of lubricant in bearings and
ghaft seizure,

Transformeys. Translormers can be ex-
pected to operate satisfactorily over the tomn-
perature range of +77 to -87 F {+25 to -65C),
orovided precautions have been tzkexn in thelr
design to prevent mechanical damage due to
thermal contraction, Coil winding rosistance
decreases sharply withdecreasing temperature.
Thed-c resistance for copper wire of any gauge
al -67 F (-5% C) 18 about 70 percent of ita value
at 77 F (25 C). Cracking of potting compounds
and terminal bushings can also cccur, especial-
ly if the temperature dreps rapidly.

In general, high temperatures reduce the lile
of a transformer, lnsulatinn deterlorates and
the resistance of the windings increascs, pos-
sibly resulting in changes in transformer char--
acteriotics,

Elcctron _Tubeg., Low temperatures have no
gerlovs effects on tubes. Delow 32F (0 C), tube
cathode heating time takes longer, Also, if the
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cor.dengsed-mercury temperature in a mercury-
vapor rectifier tube is below the minimum value
of the operutirg range, arc-back can occur. This
will damage the tube. Low temperatures can
also causc tubc basing cement to crack,

High temperatures can result in grid emig-
nionand release of gasfrom other tube elements,
Electrowysis of Jeads c¢oming through the glass
envel:pe can alsd occur., As the bulb temper-
ature increases, the life of a tube i8 markedly
decrcased. Fizure 3-2 ehows average life test
survivals of typical tubes as a function of bulb
temperature,/7/

Semiconductors. In general, semitonductor
devices give salisfactury pertormance at sub-
zero temrerdtures, Changes {rom room tem-
Feratuce eperaticn can be readily compensated

s e - silsnnanl 3RO, 3o NIRRT R K RN R T R s L

hod b AT b
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the Insulation of wires, Unless the temperature '
is high cnough to soften the glass, pilot lamps
are 2ot atfected by high temperatures.

Electromechanical Components/5/

Electromechanizal components are items
such ga relays, magneiic and thermal circult
breakers, awitches, electrical indicating in-
struments and rotating devices (motors, gsner-
ators, dynamotors, resolvers, synchros, gyros).

Relays. Reluys operated under cold temper-
ature conditions generally perform their {n-
tendied functions, provided the mechanical prob-
lems encounteredat low temperatures are taken
into account, The decrease In winding resistance
tends to alter relay operating charactertstica,

'ﬂ‘"!x =

!' {jm’- sl;rlmld any low-temperature effect be un- Igggig‘;ldai‘g xlfast?:uéa%l; (\:erlttgc:éng;ﬁi?;:i“:ﬁ;er,f Wik
i vstraiie. Atlow te;nperatures,operatlng(closlng) margina
- As the temperature rises, semiconductor de- are improvedand nonoperating (release) margins
L vicesbecome Increasingly unreliable, Transis- are impalred, Variatlons In spring stifiness
% tors, fur example, should not be opeéated in am- f?ﬁg.rﬁgfgfcgm‘igguf&;ﬁ13%130 Chagge Ult(iﬁ"
L bieut temperat e . ’ e8. on era)
¢ fent temperatures over 185 F (85 C) parts and contacts can cause trouble at low temg
¢ Other _ Bloctronic. Components.  Additional peratures, In addition, lurbicants and dashpot
i elecironic componens include Llcl%rml'ma.l boa{g)s, olls, where used, tend to congeal,
' connactors wire, sockets and pilot lamps. w
temperaturesdo not normally gi_fecf. Lhe[:)_sc com- Magnetlc _and Thermal Circuit DBreakers.
punsits scriously.  Pussible low-temperature Magm;t{lc circuit breakers withsilicone oil damp- -
eff~(ts are: {1) phenclic sockets may crack, g]lgpte orm well at snb-zero temperatures. As =
; (2) wirce requirivg the ability to flex may ctiffen theb el;xgeratu:‘e drogs, the time required for .
i as the cold :._.'f‘ects the in;sxtJlation, 33_31(3) l(:on— _ cu?t ::ndj?:{ont% t‘;?d:"toefng}':g%m,?{eiﬁﬁ gg“ .:;-
: eeinrs man freeze o ec ' . -
i Qei,,.lrfnc. nan sreeze und become dilllcult to cuit breakers are aflected at reduced tcmper- w
; o __ aturesbythe increasei heat transfer away [rom -
; Generally, bigh temperatures adversely af- the bim~tallic actuating elements, with a result- -
i fect anckets, terminal boards, connectors and ant change in operating characteristics. The t
! a ~ tripping time attemperatures near -7 F (~55 C) Ch
i can be about double the time required at 77 F LT -
3 - (25 C) for a glvgg overload current, -,;;’r;;, o
X o N Athigh temperatures, both magnetic and ther~” i t’j:_
1 — 8 _ mal circuii breakers irip at iower currents than dond
: o — atroom teg:(ferature. Thermal circuit breakers S
: 8C}H \ are affected more by high temperature than are Iy -’1
‘ .. magnetlc types, .- L
Q- e T
€ D Switchens, Exposure to iow tcmperatures can };{{ﬁ _]
S - cause the molded bodg' or plastic wafers uia RN
- switch to corntract and thus be stressed suffi- X
. o 50 - ciently to cause cracking. This is especially Sl
© \ - true in the proximity of attached metal parts, ER A
> a0 - which may contract more severely or more o
] Bu'n Temperalyre. __rapidly than the phenolic, plastic or ceramic S
L coe) E body of the switch. A cracked body or waies e u;l
TATVS (o -. may allow entrance of molsture or other foreln Rl t-."
O B 90 Gos - matter that can cause a short circuit, The spa- e 'r"'_;
C o aies _ cing of awitch contacta, which may be a fraction g
i) U 240 (482} of ap inch, may decrease sulliciently to cause v o
£ 300 (577) vcltage breakdown or corona, Y
[a S 4 i 1 ]
- 260) r 5 - The chemical actions to which switches ma L g
Durate JO'O f 720 1000 1250 be subjected are accelerated by high temperg ': [
uraton ol Life Test, hours atures, Reactions that take place slowly at n: ,C;ﬂ
- . normal temi)eraturea, may take place rapidly | q ,‘-J]
Fic. 3-2. Averape dife test survivals of enough at blgh temperatures to impair gwitch . ovd
typreal wbes vs bulh temperatures, /7/ operation, Tuswlation resistance between the ',D':
: J-4
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B ewitch contacts and ground may be thousands of mally aggravated hy the cyclical use of fuels of S
Sy megohms at room temoerature; but at elevated different aromaticity, will be increased at ele- !
S temperatures it may decrease (o ag low as 1 ~-vated temperatures, Con
3 megohm, Another elfect of high temperature is o L
o the increased specd of co(lz'roslon of contacts and . S
Y switching mechanisms, Corrosion or expansion ~= T
i of materials at hign temperatures results in stuck Temperature Effétis on Equipments/3/
u toggles or jammed detents. __ The effects of temperatire on equipraent are
§ dependent mostly on the comgonents comprising
T Electrical indicating Inst-uments. Most elec- the equipment, However, the design of the equip-~
T trical Indicating instruments operate satisfactor- . ment determines to ¢ great extent the temper-
f,-‘ {ly at reduced temperaturee; changes in indi- atures that the components will L« subjocied to,
o cation may be less than 10 percent at -67 F
'! {-55C). Thermocouple and rectifier type meters ~— In electronic equipment, the proximity of
1 normally have the greatest temperature errors, heat producing components, such as tubes,
r Temperature reduction can cau3e meters to read =transformers, and resistors, in confined spaces
1 incorrectly by altering the properties of such and enclosures raises the temperature and may
43 basic mrter siovement parts as control springs, —lead to malfunction or early fallire, Tue Leat
N ‘ macrels, and colls, aswell as range and function- producing compenents themselves tend to oper~
Sy changing accessories, ate hotter, compounding the deleterious ciicct .
i high temperatures.
£ Rotating Devices. Motors and dynamotors
: i will siart and opcrate satiefactorily at temper- The trend toward miniaturization and greater
T atures as low as -67 F (-55 C), provided lubri- power output also accentuates heat intensity
{ cants specially developed for low temperatures problems in electronic equipment., Miniatur- -«
Sl are used. In general, as the temperature is ization, with its small space factor, leads t¢ an
3 decreased from +77 to -67 F (+25 to -55 C), the increaged conceniration of thermal energy.
Lo final operating speed is lowered and the input Thig {8 particularly true since the total eiec-
A ! powcr increases somewhat, Generators require trical power dissipated by & miniaturized unit
‘ greater power and have a higher voltage output is usually as great us, if not greater than, that
bocause of the reduced resistance of the wind- disglpated by an equivalent unit of conventionsl
inrs. Low temperatures change the electrical construction,
: characteristivt of resolvers, synchros and The combin+d effect of miniat:rization and
| gyros, with the 'x'fust important effect being a increased power output has been to increase
: decrease in 2y oiracy. heat densitiers of subminiaturized electroglc
w Hich temperateres cause lubricanf.s to creep, ﬁ?:t:pr:gm :: fl%tx?agoésott:b%ft ?%ﬁt%ﬁ gﬂhig
oure ur evaporate, leading to bearing failure. inch’ Experience hag shown that aegradation is
Commulators e2od slip rings detericrate more llkel. to occur when the heat dissipating sur~ r.
rapudly, and wincing resistance increases, low- faceyof a piece of equipment is required to dis-
: erin the oulput voltage of dynamotors and gen- Bin p F
. ; L pate, by natural means, more than C.5 watt ;
. erators, Synchros, resolvers and gyros ex- per square inch for a 122 F (50 C) rise in tem- W
” hibit a deere.se in accuracy. In general, de- .rature ) -
: terinralion of insulation brings about ultimate pera : oo o’
7 failure of all rotatingdevices from an electrical Other effects of high and low temperatures " .'_-.,,;f: v,
: point of viow, on equipments are: T
Mechinpical Components.  Mechanical com- nment o aow
ponents ih(.‘rnnr; items guch a8 pumps; valveeé Bhl().Lka:neouBnl:g(cike;?gJﬂlvg{alt‘}glyl ﬁ?g;ggge 1:1]88{ ;‘:f .
bydraic ned pneumalic actuators, shock an verity due to rubber shock mcunts losing their g
vibradon islalnrs, cte, -esilience, 57
a1low temperatures, differential contraction 2. Freezing of collected water may cause I f.
. results in l‘;rn'.\::nzz‘, fluid l(‘f}k.’l[:(t and pump ard equ'ipment to malfunction by restricting the RS
H actuat or difficulties, Fntrapped moisture fre- operation of, or damaging, gear trains, mechank- T
, eres, ologeine ractering orfices. Stiffening of anlsms. controls. etc, ’ T
vibrition wounts at cold temperatures mcrgases ' ’ ' ] 7,\ -
their patural frequency, and thereby reduces R
e, e bvior of Thesn componeuts 15 gyt G MaY frocze and bocome lnoperatley vl
preatly influenced by the material from which condensation and freezing of molsture in arma- LI
they arce constructed and the type of lubricant ment mechanlzms ) R
used, B * A
Yt temperatures similarly “result in dif- "~ 4, Battery operated equipment may n.al- oy
ferentid vontraction,  This cuuses a varlety of function at low temperatures due to reduced o
maltunctions, such as binding of movable paris _ battery output, and at high temperatures due to '.«
Tunse g of Jaints, distortion of assciublies and battery detcrioration and decomposition, "
rujtire of seals. Valves, [or example, may -
citter bind or jeak, Fuel leakage in check .. Equlpment may malfunction ul low tem- .
, valvos, hoost pumps and gclector valves, nor- peratures due to Liding of wovable puats, -
' ”
- 3-7
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Temperature Effects on Guided Missiles

The thermal shock of going from a rela-
tively low ground temperature to extremely high
temperatures within a few minutes puts tre-
mendous stress on guided missiles. Oifferen-
tial expansicns and binding of mechanical parts,
as well as malfunctioning of metering devices
tan ocenr quickly, Jeading to system failure,
High rani-ai- a2nd skin temperatures lead to
ccmpariment heating and congtitute the most
critical aspect of supersonic flight. The in-
crease in ram-air temperatures with flight
speed is shown In Table 3-5. From the figures
in this table it is apparent that ram air will not
be a guitable means of compartment cooling.
In addition, compartment temperatures are in-
creased to dangeronusly hish levels be:ause of
the hent transicried to cowpartments from the
hot skin of the missile./6/ _

Increased flight altitudes also increase com-
partment heating., The effect of-this increase
inaltitude is to further decrease the cooling ef-
{ect of a given volume of air, since the capacity
of air to absorh heat is dircctly proportional to
s density. The order of magnitude by which
the heat abscorbing capacity of air falls off with
altitude as shown in Tble 3-6,

T-Wle 3-5. Increase of Ram-Alr Teniperatures
With Flight Specd /6/

) Temperutur-e in F for flight
Mach number of:
Altitude (feet) 1 2 3 4

0 160 470 990 1720
1n,6n0 110 410 890 1570
20,000 g0 350 790 1420
30,005 40 280 690 1270
25,000 Lo 265,000 10 250 640 1190
Tant -6, neduction of Heat Absorbing Capacity

of Air With Altitude /6/

Heat absorbing capacity
of given volume of air
as percentage of that

Attede (Do) at sca level
0 100
RN 50
10060 25
60,1040 10

\.,_«,url 3

l_ 10,000 1

Compartment heating ig also increased by
solar radiation., The maximum compartment
temperatures in gulded missiles due to solar,
radintion will depend ¢n speed and altitude, For
altitudes below 100,000 feet, the eifects of ra-
diation onthe transient temperature distribution
may be neglected regardiess of Mach number,
258 the heat flux aue to radiation i8 never more
than approximately 8 percent of that due te con-
vection. For gltitudes above 100,000 feet, though,
the efftects of radiativn ahould be taken into
account,

In lquid-fuel inisgiles, the extramely low
temperatures that exist ambientto liquid oxygen
or liquid hydrogen lines can adversely affect
nearby componenis and equlpment. Temper-

atures as iow as -300 F (-149 C) may be en-~

countered.

uTemperature Effects on Manned Aircrafi

 Most of the temperature effects on manned
aircraft arise from the eflects on materials,

_components and equipments, previously discus-
sed. Additional effects are described in the fol-
lowing paragraphs, Temperature effects on

~humans, which must be considered for manned
alrcraft, are covered iater in this chapter,

" High Temperature Rffecta. High temperature
conditions can effect viriually every system and

Hich Temnerat

~-part in an aircraft, Important high temperature-

effects are as follows:

— 1. The strength of most aircraft materials
decreases as temperatures increase,

__ 2. Differential expansion between the inte-
rior and exterior aircraft sturcture may set up
reverse thermal stresses.

3. Hydraulic systems may malfunction due
to degradation of hydraulic fluids,

— 4, If toco much heat i8 absorbed by aircrait
_fuel as a result of aerodynamic heating, the
“vapor pressure of the fuel may exceed ambient

pressure and the fuel will begin te boil, result-
~ing in the loss of fuel,

5. Turbojet and after burmer performance are
adversely alfected as a result of higher inlet
temperatures,

6. At high speeds, aerodynamic heating be-
ggmegd so severe that ram-air cooling cannot

used,

LowtemperatureEffects. Low temperature ef-
fects on manned alrcralt include the following:

1. Hydraulic systems may spring leaks due
todifferential contraction, Also, hydraulic sya-
tems car become stiff ag hydraulic oll thickens,

2. Moisture may Ireeze in pneumatic sys-
tems, clogglng metering orifices and linea,

3. The starting of reclprocating engines is
vestricted by the congealing of oil,
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4, Contamination of jet fuel can result from -— L
cundensationfollowing a change in temperature, 0.96 = PR
Water may crystallize out at 0 F (-18C) and = |
.. clog fuel metering pagsages. -
, - : 7;

Temperature Effects on Satellites and Satellite
Vohicles/B/

o
£

There are twn {ypes of temperature eaviron-
ments <n~~untered mn satellite flight: aerody-
namic healing and radiation heating. The first
type occurs while satellite and vehicle are mov-
ing {rom the ground to orbit. The second type
is encountered during orbital movement of a
satellite at altitudes greater than 200 miles,

o
W0
N

o
&

Wall Temnerature
Stagnation Temperature

The satellite and vehicle travel at very high
speeds o reach orhiting velocity., During this

Lominar

: aerodynwnit nealing phaee, which may last for 088F  Fiyw
' iwo or more minntes, the Induced temperaure "
is of prime importonce, The temperature in- 2| o -
crease creates a thermal shock that results in ==
‘ temperature gradients andstresses in the satel- 086}

lite and vehicle. The rkin temperatures for this
srtion of flight range from 1700 to 2400 F |
&27 to 1335 C) and are highly dependent upon
the altitude, speed oi flicht, and Lype of air {low
] about the velncle, Turbulent flow creates tem-
peratures higicr th=1 thnse obtained by laminar

o84\ —4L 1L v a L b |
20 25 3 35 5 8 10 20

flow. Typical variatinns are shown i Fig, 3-3.

The tempirature shock is felt directly by the Fig. 3-3. Turbulent andlaminar flow tempera- i 8
¢atni and viber external surfaces such as ra- ture variations as functions of Mach number./8/ R
domes, The stin-temperature shock problem SN
can involve a change of 36 F (20 C) per second relatively high. Non-metals, on the other hand, - )& &
for 2 minutes. The internal equipment dqes not often exhibit the opposite trend, with absorptiviiy i }~ A
rececive the same temperature shock since it and emissivity decreasinr, with temperature. 0 .__:

rcecives the tempoerature change over a longer
period due to the fag in thermal transmission,

The muajor elfect of the high temperature is
torause equipmeoent tobecome inoperative. Elec-
tronte equipment can ceage to function, Seals
may no' seL. Lroperly due tc expansion. Me-
(hanicad moving parts may expand and lose
their strergth, Properties of liquids and metals
cbange. fiydraviic fluid may evaporete, solder
w2y eelt, resistance of wire will increase, and
the propertics of mygnetic material will change.
Spaen Voir,. leg 9/ B

Toe primary means of heat exchange between
asnace veharle andats environment is radiation.
Padiabion exchanees, plug any internal heat gen-
erationy, thus  determine the _space vehicle’s
iternad g serface tempera’ wres, The amount
of ruG.ation absurbed by the  ehicle depends on
the copectral absorption (Laracteristics of the

Local Moch Numbar

This results in a lower radiatiop equliitrium
temperature, The absorptivity and emissivity
of rougi or oxidized metal surfaces are gener-
ally little affected by the temperature of the
radiator,

Rcentry Vehicles

Vakinlo

a
L A v ]

0
are subfect t¢ extreme heating due to friction
betwee:n the atmosphere and the skin of the ve-
hicle. Although little is known about the effect::
of penetration into otherplanetary atmospheres,
the effect of reentering the atmosplcre of Tarth
has been the subject of considerable study,

reentering nlanetary atiuospheros

TaaLiL L nel,

Figure 5-4 shows the stagnation temperature
as a function of altitude for reentry vehicles of
typical ratios of mass to frontal area, with ap-

. proach speeds _ranging from 10,000 to 36,200

strtace material, while the erount of radiant feet per sewnd. The latter figure was chusen .
enerey enitted depends not only on the surface as a ll'r'nmng cage be:a't{se it represents the so .
fperature but also on the spectral emission - called "escape velocity” for a body leaving the e
charactenistics of the surface, The abgorptivity Barth, The stagnaiion lemperature' rofers to T
ant enissivity of a material depend, in turn, on the temperature at the extreme lorward part of o,
the aavelenath of the radiation and the chemical the nosc, where ‘the alr has zero velocity re- [
and mechanical character of the surface. lative to the vehicle./10/ ~
The absarptivity and emissivity of most pol- Tue hcat at the reentry vehide nose is su .r'f'
1<hied metal surfaces  increase approximately great that the noge will burt up unless: {1, itis "
Livcarly wath temperarure, and the radiaion madc of heal resistance muterial, (2) it is coated T
e Librtamtemperatures of such materials are to absorl: the heat, (3) it i8 desimned aerody- :.“-
-, |
3-9 )
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Fig, 3-6. EBallistic misslle recrir- 2
—_ - - . 2 L
Fig. 3-4. Reentry vehicle altitude vs stagna- trajectory./12/ N
tion temperature with typical trajectories as N
parameters. Heat generated equals 100 Btu/ ~ < 2
fi2-sec.’10/ 3500 N
w
— [
-l
L -
3000 N
Reentry ot 3,3 Deg ) Nose ¥
»
2
Zt — 2500} , B:
b Horizontal ax N
T Reentr ; g
c eentry ¥ 2C00} P
2 = o
1] o Ch -
=S ] -F:r'&
2 g 1500 A
@ @ IS w
[ WA
«‘:t? ”
s . " L I L A 1000y Att Body N
¢ 200 400 600 €00 1000 Shor
~ Time, seconds F
500t AT
w1, 3.5, Staernation heat flux vs reentry . . ! E
‘i froe 6 miles,'11 (From Recovery . L R . L T
- from 4 Sateilitic Orbit, paper presented at OO Ty 2 3 4 T 6 Tt '
sersinou ] neeling of  American Rocket Time. minutes Lo
Sex fotv, duere 1358, courtesy of R Hoglund, ! -«i T
Dr. J.7hale and American Rocket Soviety. W
Coand A ’ y Fig. 3-7. Ballistic missile surface tcupera- Eon
ture during reentry./12/ ;
naicdlv to reduce the stagnation temperature, f -
(4} 11 spend ot ceentry is controlled, or (3) the missile reentry trajectory is shown in Fig, 3-6, 2 -
anale of  reentry is controlled, I!urure 3-5 Flgure 3-7 shows the misslle heating that re- bW
shora e tat the period of acrodynumic heating is sults from this trajectory. : T
e oed comsderably when reertry paths below N
thehorrontal are used, Ttis also apparent that ©om
the toral bead flux to the stagnation point i8 re- The heating effects of reentry into the atmos- i r
duced, althoush the peak heating rate is in- pheres of other bodles in the Solar System are < n
creas od, The hich temperatures also bring speculative, This is because reentry character- 2f;i;
aboat otier problems. At temperatures equi- istica depend on the gravitational acceleration, L
valent 1o Mich 10, axypen beping to dissoclate g, and varjations of density with altitude, which N
and chemical reactions occur, resulting €8- at the present time are only estimates, ln pe- :
pecidly in the formation of nitric oxide, The neral, the greater the value of ¢ and changes of .
note Coatine, must be able to resist chemical density with altitude, the greater will be the .
acti- ntnproteet the vehiele, A typical ballistic- Lheating during reentry. )
3 ro
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SHOCK AND VIBRATION

Although shock and vibration are often treated
as scparate and distinct phencmena, the dis-
tinction between the two is not clear cut. The
difference between transient shock motion and
periodic vibration i3 fairly obvious, but the
sxistenceof any basic differences between shock
and ran.¢r vibration, wlich is not periodic, is
much les sbvious, However, shock may be
considered as intermittent excitation and vi-
bration as sustained excitation.

Shock/13/

Shock connotes impact, colligion, or blow,
usuaily caused by physical contact, It denotca a
rapid chaage of load, or a rapid change of ac-
celeration with a resultant change of load. A
shock motion canpot bx defined by assigning pu-
merical values to established parameters; it
car only be defined by describing the history of
a sigunificant parameter such as acceleration,
velidity or dispinceisent,

Shock occurs when a structure is subjected
tn a cuddenly appliedforce, resulting in transient
vibrationof the structure at its natural frequen-
cies, The mamitude of the vibration may be-
come creat enouch to cause fracturing of brit-
tle material or yielding of ductile material. A
sacondary erlert of shock iy ihat lurge accele-
rations, char: 2teristic of the abrupt changes
associated with: shock, may be transmitted to
eruipment  wl components supported by the
structare.

Vibration 13 -

Vibration is an oscillation wherein the quan-
tity is & parameter that defines the motion of a
medhaninrai ¢ s*em,  Vibration has also been
desceritedas the variation, usually with time, of
the nuemituds of a guantity wath respect to a
spoctited reference, when the magnitude is al-
ternatcly groeuter andsmaller thanthe reference,
Vibration muy be periodic, in which vase it con-
sist> of motinans at once or more frequencies,
withthe mintonat each frequency being harmon-
o, ov ity be random, in which case the am-
plitudes andvarious frequencies vary randomly
with respect to time. An additional type of vi-
brating, termed white-noise vibration, has no
dohined freanencies of miotion, The excitation
forces that cause vibration may e mechanical
in aeture, such s caused by a reciprocating
motion or, they may be acoustic in nature, such
as causcd by rocket enpine noice.

Acveleration

Acceleration s the change of velocity, or the
rate ol chanice with repard to etther speed or
direction, or both, Whether displacement, velo-
ity or acceleration is used in defining shock,
the amplicotion of a relatively sudden change in
atcelerationis alwayy present, Acceleration by
iter 1 does not constitute shock, For example,
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Fig. 3-8. Truck transportation vibration
data./14/

a stracture sublected io ateady.staie accele.
““ration i8 not considered to be underguing shock,

.- Acountics

Intense acoustic pressure loads arec gaicrated
~-by the noise fram turbojects, ramjels, rock-
et engines and aerodynamic boundary layers. The
highlevels of sound impinge on the alrcraft skmf
-~ and the sound energy I8 converted to mechanica.
energy that can cventually reach the equipment
in the form of vibration. The sound, generallv
attenuated when It reaches the equipment com-
partment, can also impinge directly on the
—-eGuiptuan,

= Transportation

~ All or part a1 every weapon system i3 trans-
portedat some time during its life, The shocks
and vibrations to be expected during trauspor-
tation vary, depeuding upon the type of carricr,
and are discussed in the following paragraphs.
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Truo " teansport, Vibration {requencies  in
moror cpeons are dependent upon the naturas
troqgueso ot the unsprung mass on the tires,

the netal frepuoney of the sprinpt system, and
the nat ol fooqrencres of the bedy structure,
The i en amphitides are dependent upon
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Fig, 3-11. Maximum horizontal acceler-
~ aticns of frelght car body vs switching
impact speed,/14/

road conditions and the speed of travel, Inter-
mittent road shocks of high imagnitude can occur,
will resultant extreme body displacements.
These large displacements may result in a se-
vere shock environment for unliashed cargo as
it bounces about the truck floor., Vibraiions due
tothe truck engine ard tranemission system are
relatively Insignificant in the cargo area./13/
Figure 3-8 shows measured vibration data for
truck transport.

Rail transport./14/ Vibrations in moving
frei care arise from track and wieel ir-
regularities, and occur principally in the lateral
and vertical directions. Shock data obtained
from an instrumented, moving rallroad car
loaded in excess of 27,§OO pounds are shown in
Fig. 3-9. The {requencies concurrent with each
shock were not determined; howwver, ior the
shocks analyzed, the pulse duration varled from
about 10 to50 milliseconds, and the predominant
shock-excited vibrations occurred in the 30- to
90-cps range. Very few steady vibrations as
large as 0.25 g, zero-to-peak, were observed.

Shock ‘and transient vibrations durlng coup-
ling and during starting and stopping are gener-
ally corsidered t be the tnost damaging phases
of rail shipment. Figure 3-10 shows the veloucily
of impact during switching operations taken from
a representative number of railroad yard oper-
alions. It should b¢ noted that the mean speed
of tiapact 18 T mph, which {8 well above the ap-
proximate 5 mph limit for which the switching
gear provides cushioning protection. Longitud-
fnal accelerations of a freight car body that can
be expected for tmpact speeds of 1 to ’?mph are
shown in Fig. 3-11.

Alr transport./13/ In alr transport as in all
other modes ol transportation, the shocks en-
countered in handling, loading and unloading
must be considered, Figure 3-12 shows the
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iz, 3-12, Snocks recorded during airline test ghipment./13/
mzximum siecks recorded during a test ship- ) 0100 —
ment by a pior airline, Two impact recorders ) - Point Vajues —t
woere placed in a wouden box (having 73 peunds [ from:1 3579 eo N i
tal weight) and both longitudinal and vertical .. © Ye24 88101214
shocks recorded. It is evident that the 0.050
most severce shocks recorded arose from hand- — - - Py —— -1
line. ~ k '.‘. . \\' -
£ L 5 4 N ]
: ) HEN -
© N .
f‘]_ln__'fg_:i_ v,rL./”i/ The principal excitation - ¢ “"'—4! a5
ll)l( ( » 1ol :,-lli'Lra vibrations t,wu}.n. from t!.'" -_ . s 1 . E -..' S /
Liip’s structure interfering w1th the flow of z . ! ) 'w‘_.\' " ‘
wvater from the propellers, and from imbalance - 4050 ¢ . g —4- [
oI nusatipument of the propeller shaft system I SR - AN
The maximum frequency for which vibrations £ -t 1 N
are consiecred important is about 1200 cycles . R — T
per ninute lor a typicad modern ship, Exeepe .. 50 €O} ——-7- T4
tinns mav accur for smaller ships and modern < - bt ;o
cafvaarines, both of which may have greater _ . — A
vpper lunits,  Vibration ampiitude versus fre-

queney dete derived {rov representative ships I = ...4%.— X-A B T
wir shewnin Fur, 3-13, Al points in the illus- : o \ ’ o
trationrepresent motions of the ship's strusture

. | ! \ b
wertd o "y e 1 : ¢ ! , s
ot of cuipment mounted on the ships, 0.001 ?'“ “"._'d_&,‘w.__, B
) 2 4 8 0 20 40 6L R
Trtojet Avreraft Frequercy crt ’ ce
e shocks and vibrationg encounterea .y Fig. 3-13. Vertical and athwartship hull and "
sreejel aircraft oin Qipht arise from many deck vibrations for ships./14/ "
e s of which are: -
vheo it byt ;"
Lo Hibmtensite noise, 4, Imbalance of spinning components, v
Al { At 1Oy TIYE| . 1 Q N
. Paleauons of enpine thrust, 5. Acrodynamic forces arising from gusls, 0"
L, Tarbme Uchurgins wind shear, turbulence, cte. “d
Y
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Overall 37.56 75 150 300 6001200 4800 2 . °F, 2
75 150 300 600 i2002400  96Q0 e o S
Octave Bands, cps " Ratio of Cistance IR
a6k r, from Norzle Cenie.tina | ; ,
Fiz, 2 1a, Exiernal spectra for near field 6 T." to Radius uf J3t :,-,,;E', N
jel noise relative to overall neise./ 16/ o Boundary : Ry
1 —_ 1 A
1905600 100,000 !
Thrusi, tbs e
")
5 R
- 0 Fig. 3-16. Trend of external overall '
o) levels of jet and rocket noise./ 17/ A
g g -
® engine 18 frequently of the continuous spectrum e
"6’ -20 type. ContHinuous and discrete noise spectra may N
= . . exist simultaneously, as well as individually. : ’\"{)’
©.30 s S
2 7 A continuous spectrum type of nolse for both e
2.0 jet and rocket engines 18 shown In Fig. 3-14, !”
o The method of presenting the spectrum differs iy
L considerably from that used for the discrete I
Cverall 275 75 150 200 600 1200 4800 spectrum type. Nolse in specific octave fre- Y
J75 150 200 6001200 2400 9600 quency bands 18 plotted relative to the overall ;h_.
Octove Bands. cps noise level that would be obtained if the nolse o
c CPp was passed through a 37.5- to 9#600-cps filter. g
L The range of octave levels in the fllustration B
Fiz, 3-15. Internal spectra for jet nolse in was obtained from rmeasurements of jet and T S
anir-cated cor pertments relative to overall rocket engine noise. The changes in the spec- K -\‘.-j
noise. /16, trumdue to passage ¢f the sound through an ordi- B - 8
nary fuselage wall i8 shown in Fig, 3-15, It is it N
aggumed thpt the fugelage wall has noi heen & {C”-"'-J
L. additio, during taxiing and landing air- treated with soundproofing or other insulation. | e
craft experience shock loads and transient vi- o
bratinns, Hewewer, these vibrations are at dif- Figure 3-1€ shows the trend of the overall W ! .
ferent  irequercies  from  those experienced nolse level v ith increasing thrust as well as i e,
duris o (1o, 1307 with increasing distance from the jet stream. SN
The range is from about 140 to 180 ab, The Y
Jit “imse. 18 An important consideration same trendof overall nolse level after the sound " :
i asnesuc enviranments is whother the sound -has passed through a typical fuselage wall is o
spertmin 1% cioerete or eontinuous. A discrete shown in Fii!- 3~17, This lustration glives typ- Ty e
spoctrusnhas characteristics such that the time ical sound levels encountered near equipment b e
hictory ol svnd Ductuations is periodic and ‘or structural components on the interior of the - T
thee tore canbe analyzed by methods of Fourier flying vechicle. K B
serics, Nobse produced by a spinning propeller _ ;o
Lo i wiost oo guently met example of a discrete The noise characterlstics of selected jet alr- HENEN
spectrun, crait are shown in Figs. 3-18 through 3-21. : f
- -Stmilar data for -many other jet aircraft are e
If the tine history of sound pressures is contained in reference/17/. b
aperioviic, the frequeney analvsis is sometimes t @
;»)H}:z‘)]o by use of the Fourier ‘integral. The ~ Jet_Alreraft Vioration. Although all jet air- I L
Dmctemaof freqreney resulting from this analysis craftare subject to vibration, the amplitude and o
may e continuous over a wide band of irequen- frequeicy of the vibrations depend nwpon the type §ome
clese 100t is, the sound spectruin is sald to be ‘of alrcraft and the particular location on the L
continwius,  leoige produced by a jet or rocket alrcraft, Charts 3-1 through 3-4, located at the S
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Shocy und Vibiration

“ The concral oifcects of shock and vibration,
ogeter with waceleration and acoustics, are
struttiru disivrbances (Fips, 3-25 and R-26),
The response of o structurce to shocks and vi-
Lrations is deprendent not only upon the magni-
tude of the disturbance but also upon the dy-
tamc characteristics of the structure itse{[.
A brpoged vibration of the same frequency as
thenuralfrequency of a structure, even though
smatl in amplitude, may be very dest ructive io
the ctructure, while a different {requency, even
thowdr of prester amplitude, may cause no
traoubije,

Disturbances can cause propressive doto-
riorationg ¢mee improperly designed struc-
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Fig. 3-24. Menn-squared acceleration den-
sity plots for three operational migsilea,/ 18/
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Fig. 3-25. Vibration and flutter damage to
elevator of F-8GH jet fighter,

tures and components subjected to recurrent
shocks ard vibrations can eventually fail because
of fatigue. Material or parts fallures result
from mechanical stresses imposed within the
material. Failure can occur cither through fa-
tiyue, excessive slngle strees, or excessive
deflectiorn. Although fatigue fatlure usually im-
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Tice 3-26. Ciack in skin of aircraft
fuselag s caused by vibration.

plies a large number of stress cycles, the time
requroa for thesge stresses to accumulate is
shortwhena component is vibrating at hundreds
of cveles per second, Fxcessive single stress
may cause brackets or other supporting struc-
tures to vie'! or {racture. Excessive deflect-
ions of parts muay result in thelr hitting one
anothor with hich impacts, leading to failure,

Types of Shock and Vibration Damage

The weapon system designer can gain con-
siderable Insipht into the shock and vibration
probiom from sumraaries of shock and vibration
damuase to typ:eal structures and componedis,
Foll’wing i3 some data taken from one series
cof tests. 16

Cal:int_and_¥rame Structures. Among some
200 <qiipment cabinet and [rame structures
subjucted o shock and vibration there were 30
pernunent deformations, 17 fractures in areas
of sircss croweentration, 2 fractures al no ap-
parent stress concentration, 23 fractures inor
~ear wealds, aad 26 miscellancous, undciined
failures.

Chuassis, Nearly 200 chassis subjected to
shotk and vibration resulted in 13 permanent
defurmaticns, 8 {ractures in or near welds, 9
fractures al no apparent stresa concentrations,
46 fractures at points of stresa concentration
and 12 miccelluncous fatlures,

e e - JUP

Cathode-ray Tubes, In general, shock and
vibration damages cathode-ray tubes if they
are improperly mounted and inadequately sup-
ported. Tubes with screens larger than {ive
inches are especially susceptible, Cf 31 ca-~
thode-ray tubes subjected to shock and vibra-
tion, 1 tube had the deflection plates bccome
deformed, another had a filament fatlure, 5
sufferedenvaolopefractures,and] had the glass-
socket-aeal break,

Meters and Indicators. The moving-coil
typeof meter represented the majority of units
in this category, Other indicators were Bourdon
tubes and drive-tvpe synchros. Of the latter
group most of the failures were either erratic
performance or zero shift difficulties,

Nearly 200 units were subjected to shock and

vibration, Two suffered permanent uef:tmation

of the case, 1 had elements loosened, 12 gave
erratic reacﬁngs, 1 had the glass face fractured,
& developed internal open circuits, 2 had loose
or damaged pivots, 3 had the pointers deformed,
and 10 others falled from miscellaneous causes.

Relays. Relays present a problem for dy-
namic c'ondiuoxi; I?ecause of pthe difficulty ji,n

“"balancing all of the mechanical moments, Shock
gencrally causes fallure in the form of the ar-

~.mature {ailing to hold during the shock,

Three hundred relays were subjected to
- shock and vibratlon., Armature difftcuities ac-
counted for 29 defects, 4 relays had contacts
_fuse or burn because of arcing, 1 had the coil
loosened on the pole piece, 2 had the springs
disengage from the armature, and there were 4
-miscellaneous defects,

Wiring, Wiring failure as a result of shock
and vibration s a serious problem. A defect
not only results in malfunctioning of the equip-
ment, but it is difficult to locaie for repair. In
" a number of equipments gsubjected to shock and
vibration the failures were as foliows: 10 cold
._solder joints opened, 14 lead-supported com-
“ponentg had the leade Iail, tnsufficient clearance
caused 3 cases of arcing, and insufficient slack
.caused 9 lead failures. In addition, 3 plastic
cable clamps fractured, 14 solderc? Jolntz cr
connections failed, 16 solid conductor wires
~broke, and there were 92 miscellaneous fail-
ures,

Transformers./20/ Transformers are pro-
“tably theheaviest and dengest components founa
onan electronic chassis, Because of the walgat
und size of transformers, shock and vibration
is more likely to prvduce mechanical {ailures
rather than wectrical fallurcs., While we all
mechanical fallures immediately prevent the
transfcrmer from functioning properly, they
eventually result in destruction of the transfor-
mer and damage to surrounding componeuts.

Thirty transformers were subjected to shock
and vibration. 17 had the mounting studs break
at the weld, 4 had the bottom frame fail, and 2
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sufforced broken internal leads Jdue to motion of
the core in the case,

Summary/21/

The major failures caused by shock, vibra-
tion, acceleration and acoustics are fatigue fail-
ures of . -ounting pasges; loosening of fasteners;
oacillation ot iastrument {ndicators; erratic
operation of vacuum tubes; bouncing of motor and
generator brushes; sticking of relays, switches
and valves; misalignment of coptical equipment;
and [racturing of propellant, penumatic, and
hydraulic lines.

MOISTURE 7272/

Moisture is a4 somewhat all inclusive term
used for humidity as well as various forms of
condensation andprecipitation, More specifical-
ly, moisture is liquid, generally water, diffused
or condensed in relatively small guantill:s.
Water in the form of vapor is always present
invaryingamounts in the atmosphere surround-
ing the Earth. The vapor content in the atmoe-
phere is referred io as humidity, When the tem-
perature of the air is reduced to, or below, the
dew print, condensation orcurs. In general, dew
furmation takes plice when the surface tem-
perature is above 32 F(0C). If the temperature
is below 32 F, vondensation takes place in the
form of frosi. In scme rases, supercooled air
dropleis will foom which later frecze to form
ice, :

Heat loss from radiation may cause suf-
ficient cooling {or the {formation of dew, Such
cooling normally occurs at night, but it may
cccur at any time, I is not necessary to reduce
the ten.perature of tie entire air mass in the
dew point 0 poodaes eondensation. Condensa-
tion ¢.n freguertly be induced in aircraft com-
partments by movement of the vehicle from one
altiiude to anott er, The colder upper actitudes
low sr the giv tewperature within the aircralt

1 H Aav han
ani, u

the air is relatively mioisy it can be
cooled =utficiontly to cause moisture to condense
upnr .2 strvtture and cuipment within the
compurir.oant,
Fifeer s 2t M sure
AListure Las a deleterious edfort on most
things, d in addtion, fosters microbiological
prosth andealvanic action in dissimilar metzls,
Microbhobyacal growth and galvanic action may
Le termed bypndducts of moistures

Microore misms. 4 _

Mottt microbiological forms have an optimum
! nerature in the range of 59 to 95 F (15 to
o1, «lthruch there are some furms that will

*([1om Deterivration of Materiads -~ Causes
and Droventive Techmaques, Ry Glenn A, Great-
house and Carl'J, W essel, courtesy of Reinhold
Publiz'une Corporation, Book Ivision,
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grow at nearly 32 F and othoers that will grow at
very high temperatures. The average optimun
for fungl is in the vicinity of 8 F (30 C) when
Telative humidity i85 95 to 100 percent.

. Relative humidity is important in determining
the growth of fungi. Below 70 percent relative
humidity there is little opportunity ior fungal
-growth, Many forms will grow {airly well at 80
to 95 percent relative humidity, whereas at re-
Iative humidities above 95 percent, fungi flour-
ish abundantly, Optimum temperature for max-
tmum fungal growth in a nearly saturated at-
mosphere is near 100 F (38 C).

The moilsture content of the materic' et-
tacked {8 importani in determining the extent
of the attack. In general, wood contaliiine iexs
than 20 percent moisture is not attacked by
fungi. However, a difference of a few parcent
in moisture may determine whether a given
species may grow or not, For example, one
particular wood-stalning fungus does not grow
in pine wood with a moisture content of 23 per-
cent but develcps in wood containing 24,5 per-
cent.

Beyond high relative humidity and sauitable
temperature, the only additional requirement
for fungl to thrive is abundant food. This is
supplied in large amounts by a great variety of
organlic materials produced by vegetation, Many
items of equipment, as well as clcthing, shoes,
books, ivods, and other items, are composed of
organic materlals, Textiles, cordage, leather,
wood, paper, paints and varnishes, aéneslves,
plasticn, resins, rubber and waxes are for the
most part composed of organic materials and
are thus susceptible to attack by micro-organ-
isms. Furthermore, damagec {8 not limited to
organics alone, but extonds to fnorganic ma-
terials such as metals, cements and plasters,
clay products, glass, stone and various others,

Galvanic Action/23/

Every metal has a certaln inherent elec-
trical potential, When one metal is placed in
contact with a metal of a different potential in
the presence of moisture and anelectrolyte, gal-
vanicaction occurs whereby an electrochemical
current flows from one metal to the other. The
metal from which the current flows is the anode,
and the one to which the current flows {8 the
cathode, The current flow causeschemicalby-
products, but principally resulte in the digsolu-
tion of one of the metels. The severity of cor-
rosfonby a dissimilar metal coatact in the pre-
gence of a corroding medium can be predicted
qualitatively from the potential diffcrence of the
metals making up the cell. The greater thiz dif-
ference, the morc severe the corrosion, The
galvanic series 18 given In Table 3-7. Those
metals farthest apart {n the table have the groat-
est potential differcnces and tend to be the nwst
severely corroded due to galvanic action,

3-19
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Table 2-7. Galvanic Series in Sea Water /23,

1. Magnesim 19. Muntz metal
2. Magnesium alloys 20. Mangenesebronze
3. Zine 21, Naval brasa
b4, Guivz f=nd c1eel 22. Nickel {active)
5, Aluminum (625H, 23. Inconel (uctive)
61S, 3§, 2S, 53ST in
this order) . 24. Yellow brass
6. Aluminum clad, 248T, | 25. Admiralty brass
175T
26.Aluminum bronze
7. Cacdnani

27, _Red brass
8. Aluminum (7537,
A1TST, 17ST, 245T, in | 28, Coppur
this order) -
29. Silicon bronze
9. Mild sterel
30. "Ambrac
10. Wrought iron
31, _70-30 copper
11, Cast iron nickel

12, N:-Resist 32. -Comp, G-bronze

13, 1237% chro.eium stain 23. Comp. M-bronze
less ste:l, tyne 410
(active) 34. Nickel (passive)
14, 50-59 lvad-tin solder 25, Inconel (passive)
15. 1--8 stainless steel, 36, Monel

type 304 {uctlive)

37. 18-8 stainless
steel, type 396
(passive)

i6, 19-8-3 =tainless steel,
type J16 "ictive)

17, Lead 38. 18-8-3 staiplesn
steel, type 316
19, Tim (passive)

Effects of Moisture on Materinls/4/*

Nearly all materials are adversely affecled
by moisture. In the usual case, the more moist-
ure present and the ecasier the access to it, the
raore sepines i3 e detriviental effect on ma-
tertads. Ordinarily, themore severe the moist-
ure conditions, the more rapid is the degra-
dudve ftect, A peculiar feature of moisture is
thetactthat in a nepative sense it can contribute
to the breakdown of some materials by its ab-
sence, For most materials there is some op-
timuwin maosture content for the maintenance of
useful properties, Yor example, paper that is
too dry is brittle, and leather devoid of moist-
uce s oapt to be stiff and unworkable,

*(From Deterjoration of Materials -- Cauges
and Preventive Tedhniques, By Glenn A, Great-
touse and Carl J, Wessel, courtesy of Reinhotd
Publizhirg Corporation, Bogk Division),

3-20

Stone_and Concrete. Much of the natural
weathering and disintegrailon of rocks i3 caused
by moilsture, Moisture entering the pores and
ireezing there effects a sort of explosive action
which, over a period of years, can reduce rock
togravel. Similar physical breakdown can ocour
in {reshly quarried bullding stone or in certain
types of stonework where the cleavage planes
are Bo oriented that incipient seams can fill
with moisture.

gg%e_x_-rand Textiles. Because meisture as an
agent of deterloration can function in so many
different ways, it is difficult, and sometimes
impossible, to pinpoint any parifcular kind of
deterforation as caused by any particular pro-

" perties of moisture., When ordinary gaver be-

comes wet it loses its structural ‘rength and
falls to shreds because the moisture &asslves,
or atle2st softens, the gelatinous binde: intend-
ed toholdthe fibers together. Although the wet-

- ting of a cotton textile does not usually result in

disintegration of the materizl, simple evapora-
tion of the water produces the so-called brown=-

"~ line effect at the wet-dry boundary.

Metals and Alloys. Moisture is egsential to
the corrogion of Iron, steel and other structural
metals (Fig, 3-27), The rate of corrosion is

— influenced by the eshyslcal way in which the

moisture i8 anplied, as for Instznce, alternate
wetting and drying, as a spray, by immersion,
as condensation;” and 50 on, Alternate wetting
and drying is especially apt to cause rapid cor-
rosion, and fven more severe is a thin layer of

" dew condensed Irom the atmosphere. There i3

amarked {ncrease in the corrosion rate of steel
when the relative humidity is over 80 percent.
Also, the higher the relative humidity the more

rapid is the corrosion of zinc.

Paint Films. The effect of moisture on paints

=" and lacquers i8 the formation of blisters, which

eventually break and peel off, When the sub-

- strate happens to be wood, moisture may reach

the paint-substrale interiace from underneath,

Fig. 3-27, Severe corrosion of floor of C-124
alrcraft,
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The moisture may be present in the wood before
the paint is appilcd, it may come from faulty
construction or it may enter directly from the
reverge side, The effect of the moisture i8 (o
destioy adhesfon, and a blister, once it has
begun to form, 18 readily enlarged. The pro-
aresaivebreakdown of thepaint film 18 a mecha-
nical one.

Glazss. Glass exhibits a solubility in water.
Ceriain constituents are more soluble than
others, and certainglasses are more susceptible
to moisturedamage than others. In the presence
of high concentrations of moisture, the more
soluble cunstituents of glass migrate to the
surface, I the amount of liquid water on the
surfare f3 Insafficient tc dissolve the resulting
hydroxidea and carbonates, a slushy layer of
microscopic crystals is formed. The rate of
fogging by this process depends onthe compo-
sition of the glass,

Wond. Wood owes much of its physical pro-
pertics to its moisture content, and a change in
Jie moisture level results in a modification of
one or morz of the properties. Wood i3 subject
to rather iarge cimensional changes with
chanies in the moisture content, When moist-
ure 1s taken in or given up, a muisture gradient
is establiched, and not oll fibers of a niece of
wood sweall o shrink at the same rate during
weatiimy or drying, The internal stresses set up
by the loss or recntry of moisture often resulte
inwarping. In addition, moisture in wood is res-
prnsitle foo rotting and staining,

Effcets of Maietvre on Components

In addition to affecting the material from
whichcumpo s are made, moisture degrades
the operating charactleristics,  For cxample,
high rclative humidity reduces insulation resist-
anve and promotes fungus growth, which may
etch meter faces or produce mechanical inter-
‘erence in motors, tuning capacitors, and so on,
Theeflects of morsture on several typical com-
pul.ets are iven in the paragraphs that follow,

Resistors. 24, Moisture on the body of a
recision forns a leakage path that is equivalent
to ¢ variable sosistance in parallel with the
resictor, Uowposition resistors are especially
affccted by maisture. Tue plicnolic case is not
ayoadmoisture barrier and the sbsorbed moist -
ure causes instability,

Copacitors, Moisture in the dielectric  of
{ixed caracirors  decreases the dielectric
strencth, insulation resistance, and life, and
mcreasy s the power factor, In addition, several
conmmonly uscd capacitor materials (paper, wax,
and other impregnants) are funpus nutrients.
Hivh relative humidity also causes corrosion of
the containers of metal-clad capacitors. In one
test, fifteen metal-clad capacitors were sub-
jedted 1o a relative humicty of from 95 to 100
perent at S5 F (35 C) for 84 days, At the end

A= XXXF at 35C and 909% R.H.
BrEpoxy Gless at 35C and 90% R.M.
C=2Epony Glass at 70C and 95% R.H.
D=XXXP at 70C ond 95% R.H.
102
5L
g ot
L
&
-
g 5
Iy
(&
[ =
2
g o}
5
,Oz . L 1 -l ——
500 1000 1500 2000

Hours

Fig, 3-28, Effects of humidity and temperature
on unetched clad laminates./268/

of thig time all capacitor enclosures were 80 Lo
100 percent corroded./25/

Printed Circuits,/26/ The effect of moist-
ureon printed circuits resemhles that of its cf-
fect on the bage laminates alone, except that
when an adheslve is present, an adheeive layer

~~ is left exposed after etching. The effect of hu-

midity and temperature on clad laminates not

.. subjected to etching is shown in Fig, 3-28, The

poorer insulation endurance of epoxy at 70 C
may bedueto copper corrosion products result-

- - ing trom moisture,

Transformers./27/ Molsture in transformer

" “windings promotés corrosion, supports fungus

growth, and reduces dielectric stren of in-

-.-sulation resistance. Elcctrolysis and chectro-

lytic corrosion of the metal also may take plare
in the presence of a suitabie electrolyte,

Motor _and_ Generators. Moisture in and
across windings of motors and generators re-

---duces the insulation resistance and dielectric

strength. 1t can alsoresult In arcover between
high voltage points, Galvanic action corrodes

~—the bearings, causing rough running and early

failure, Fungal growth destroys insulation, re-
sulting in short circuits, Howevcr, should the
atmosphere become too dry, there will be ex-
cessive dusting of the commutator fron: the

__brushes,/d/
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Effect of Moistiire on Equipment

Muoisture degrades the overall performance.

of most equipment (Fig. 3-29).- The sensitivily
and {requency stahility of radio receivers are
reduced. High humidily can cause the tuning
caparitnrs in the ontput stage of a transmitter
to flash-vves, cspecially during periods of mo-
dulation. Condensate on the spreaders of open
wire feeders will detune the finzl amplifier of &
transmitter, This reduces the output power and
may cause r-{ feedback in audio-stages. Moast-
ure can corrode {asteners, making access to the
equipment interior for adjustment and main-
tenance purpozes more difficult;

In hydoawlie, poeumatic and fuel systems,
condensed moisture accumulates in low spots
and freevzes at low tcmperatures. ThLis blocks
lines and valves and makes the system inoper-
ative./?2/

Moisture alse promotes fungal growth on
optical andphotugraphic equipment, This causes
Jogring of lenses, destroying the usefulness of
the egquipment., Fungus also adari-s leather
cascg used ini sisring or transporting such
equipment./4/

Effect of Mosture on Flight Venicles

Resides  alfecting  vehicles  mechanically,
moisture can.ilan have operational effects, For
exanple, if suihicient moisture fills the pitot
tube, and airspeed indicator will give an incor-
rect reading. Also, moisture in fuel, even if it
dhes ot freeye, may cause rough engine opera-
tion er complote capine stoppapge. Moisture in
jet engine fue! hos caused icing of filters and
subeoguent caeine failure either by bypassing
coniaminated fucl that plugged nozzles or by
Ustarving'' the enacine,

twr 3-26, Severe corrosion of plece of
elecironte equipment,

3-n
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“~Fig. 3-30, Hail damage to aircraft nose raaome.

Erosion of external aircraft surfaces by rain
and other forms of precipitation is a problem,

—-External plastic parts, such as radomes, wind-

shiclds and antenna inzulatcrs, are susceptible

=-to rain and sleet ernsion at high subsonic spe-

eds. As speeds increase above Mach 1, even

— metal surfaces begin to suffer severe damage

when precipitation is encountered for more than
a few seconds.

It has been estimated /28/ that if a ratio of
one hail encounter to tem thunderatorm pen-
etrations is taken as a2n average, there is a one
percent probability that an aircrait penetrating
a thunderstorm will encounter hailstones 2
inches or greater in diameter. Likewise, one
thunderstorm penetration in40 will involve hail-
stoncs 1 inch or greater. The leading edges of
the wing and tall are most susceptible to hail
damage. Damage to tle fuselage is generally
confined to the nose and cockpit areas Flg.
3-30). Windshields are sometimes broken or
cracked by hail, and engine cowlings are dam-
aged to about the same extent as leading edges,
Turrets, radar coverings, antenna loop housings
and lights are frequentiy struck.

Fog causes serious operational diiliculties
by interferring with take-off o1 landing. Low
temperatureson the ground during fog cause ice
frost. This glazes the alrcraft, creating hazard-
ous conditions for personnel, Ice-frost also
adds welght tothe alrcrait and changes its aern-
dynamic characteristics, In addition, ice-frort
obscures vision through windshields and makes
access to fuel {anks and doors difficult,

ICING/22/

Ice, a8 the term {8 gencrally used, refersto
solid water exclusive of snow, hall, ice-fog or
frost. It occurs naturally on the surface of the
Earth as well as in the atmosphere during air-
craft flight. Basically, there are three forms
of icing: Rime ice, clear ice, and frost, Va.
riations and mixtures of these occur and use
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such names a8 glaze, glime, soft rime and hard
rivie,

ILme ice i3 an opaque ice formed by the in-
st:untancous freczing of small svpercoocled drop-
lets. Since these dropleta adhere in approxi-
mulely spherical shape, they trap air in the ice
glving it an opaque sppearance and makinr ii
britil.. Clear jce is {2rmed by slower freezing
of larger supcrenoled driaplets, These have a
tendency to spread and assume the shape of the
surface on which they deposit prior to complete
freczing. Clear ice contains little air. Frost
is a deposit of ice crystals formed on exposed
upper surfaces. Frost can also form on alrcraft
in flight upon descent from subfreezing air intn
a warm, moist layer,

In puncral, tne condition required for lcing
is the presence of liguid droplets at subfreezing
temperatures, that is, supercooled clouds. A
supercooled cloud is one whose suspension of
water droplets remain unfrozcn even though the
temperature may be far below [reezin%.l This
is an inherently unstable suspension, hen a
supercooled droplet hils the surface of an air-
craft or missile, the impact destroys the sta-
bility of the droplet and raises its spontancous
crystallization point so that freezing ie initiated,

Charts showing the probability of potenilal
aircrafticing conditions exiating in tho Northern
Hemmsphere a1 various altitudes during the dif-
ferent seasons ore inciuded in reference/29/,

Iciny Conditioms

Icine conditions denote a state of the atmos-
phere defined Ty 2 set of values compilsing
pressure, altibwie drop diameter, liquid water

consnt and temperature. The factors are as
follovee:

1. Althoeuch icing has veen encountered up to
40,900 fet, the limiting altitude for all but the
hichest icing is about 25,000 feet,

2. Droplet stze normally does not exceed 30
to 3% m:erons but may reach a maximum of 90
ty 100 micr onsin diamdler,

A, The water content varies from 0 to 4
grams per cuhic meter,

4, The temoverature range for icing condi-
tione varivustrem -40to32 F (-40 to 0 C),

Huh water contents are associated with
strooy convective clouds, and the general indis
caticns are that such clouds start to precipitate
when they attain temperatures between -12 and
-15 C (approximately 3.2 and 11,4 F). It is un-
likely that maximum water content will be com-
bined anth temperatures below -16 C,

Effectys of Teing
Icirmr can either decrease the performance

capailities of an aireraft, or it can cause com-
plete failure, resultingin the alreraft being des-

troyed and the mission unfulillled. Icing re-
mains ahazard whenever adequate means ol re-
moval are not provided,

Alrcraft are sffected in several significant
ways Ly the hulidup of ice. The aerodynamic
properties of wing and tail surfaces are chunged
by the ice decreasing the lift and increasing the
drag. An alrcraft burdened with ice requires
a longer runway for takeoff or landing. In ad-
dition, ice adds to the total weight of the air-
cralt, decreasing its operational radius. Ice
also prevents or hinders functional operation of
miscellancous units, acceasories or equipmet,
by blocking the air intake duct, distorting the
radiation pattern of the antenna, etc, Structurai
damage to turbine engines may result whien ice
breaks off inlet surfaces and is ingested by the

engine. Ice accumulates on leading cuges. rro-

pellers, compressor inlets, wings, Luduction
systems, pitol tubes and all aerod ic sur-
faces of aircraft, It {s also induced by operating
conditions in fuel and ofl lines, fuel filters, vent
lines and engine breather lines. )

Alr induction systems in general, and turbine
enginea in particular, are most critically af-
fected by an encounter with icing conditions of
high liquid-water content, ever thoughthedur-
ation of ths encounter is very short. Ou the
other hand propellers

ronellars wings aud

tail surfaces can usually tolerate brief and in-

--termittent encounters with icing conditions of
greater severity. Severe icing may cause a re-
ciprocating engine to atall.

v asllmsasal

Ice~-fog, which I8 a suspension of very small

. .lce crystals in the air, presents an operatfonal

hazard toflightvehicles. Ice-fog usually occura

under conditions of clear, cold, windless weather
--in the high latitudes,

SAND AND DUST
The sand and dust environment {8 8 major
factor in desert areas; however, it is not re-
~-gtricted lo those arcas alane, Dust also includes
airborne impurities, which can heccme g preh-
lem in almost any location., The amount or con-
~--gentration of cand and dust at a given point is
one of the most important factors in such an
environment, At the present time, concentration
I8 usually measures either as welight per unit
volume of air, or as number of particles per
—-unit volume, To relate the two methods it ic
necessary to know the number of particles per
=unit weight, This is a very complex factor which
must take into account the particle size distri-
--bution, composition, shape and denslty ol the
particular sand and dust being analygzed, For
this reason much of the data obtained from air
pollution studies and sand and dust storms can-
not he readily applied {o the subject of deteri-
oration, since engineering performance has
usually been rclated directly to the weight of

?anil, anddust encountered over a certain period,
30
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A normal atmosphere aiways contains a cer-
t:on amount of impurities in the form of natu» al
samd or dust orfg inating froni the soil and other
sources, Amoeng such sources are: /30/

1. Condensation of vapours_and gases. The
formation of rainor the condensaie [rom metal-
lic vapors.

2. Meciuaacal disper<ion  of liquidg. The
sait particles in eeaboard atmosphere or par-
ticles originating from spray evaporation.

3. Chemical reactions. The smoke f{rom
industirially used chemicals,

4. Crushing, The acrosols generated by the
disintegr=iion of cuncrete or asphalt, milling,
pwverization of coal, quarrying or allied oper-
ations.

5. Combustion or explosion, The {umes,
smokes, and ashes [rom the burning of solid or
liquid fuels, volcanic activity, or meteoric dust,

Atmnspheric Pollution

The nermat amounts of atmospheric poliution
found in various locations are given in Table
3-8, It is apparent {rom this table that Indus-
trial areas have a higher degree of pollution
than Jdo other areas. It has been reported that
approximat=ly 200 million cubic feet of dust
exist permanently in the atmosphere; as man
as £0,000 ar:osol (soot, metal, dusts, fungus
particieg were found in one cubic centimeter of
the awr in New York City.

In moderats dust storms the concentraticns
ar the 1000 foot level is about 0.0005 gram per
cuhic faat wnereas in a severe storm it may be
frver ¢y ten trmes as heavy, Table 3-9 gives the
variatian o, concentration of a dust storm with
incregsing adtitude,  The fact that significant
concentrutions of dust are found at upper alti-
iutits should be an indication that sume degree
of protecton rmust be given to aircraft and air-
horne eauipment. The upper limit for this dust
asears o e gbout 12,000 feet,

Poricle Sizo 30

T e sume ol o dust particle usually refers to
the efiecuive ¢ mean Jdrameter and is given in
nJerons,  Dusts are gencrally limited to part-
icivs ranting from about 0.1 to 50 microns;
werd bloan sands are particles between about
¢ U1 200 mucrons: and sand tailings from flota-
trn {arborne by wind or some mechanical
nieans) raa e upward from 300 microns in di-
anier,

Notural Pust Condition/30/

The effect of wind in creating a natural dust
comditton 15 one of the more important var-
' iess Bevause moninpg air absorbs more
nevsture than still air, wind acls as degiccant
Ly «drving ot the top suil, and then as an agent

3-24

Table 3-8, Normal Atmospheric Pellution
_In Various Arcas

Average dust concentration
~ {grama per 1000 cuble feet)
From From
Reglon Clowor/31/ Kayse/32/
Rural and 0.2 to 0.4 0.0018 to 0.0032
suburban )
Metropolitan 04t00.8 0.0032 to 6.0130
Industrial 0.8 to 1,5 0.0130 to 0.0485

Table 3-&. Variation of Concenir:lion of
Dust Storm With Increasing Altitud: 730/

Air Mean
Helght tempera-| concentration
(it) | Weather condition| ture (C) {(milligramAi3)
600 | Clear to slight 33.0 0.0060
1000 | haze, Visibility 30,5 0.0065
2000 | about 80 miles. 30.0 0.0049
4000 29.0 0,0039
6000 19,0 0.0015
500 | Slight baze. 34.0 0.0067
1000 | Visibility about 33.0 0.0074
2000 | 20 miles. 32,0 0.0057
4000 27.0 0,0039
6000 21.5 0.0054
600 | Moderately denre 27,0 0.057
1000 | dust storm. Vie- 25.0 0,493
2000 | ibility about 1027 24.0 0,197
3000 | feet. Wind 29 to 23.0 0.051
4000 | 25 knots, 22,0 0.018
——

or erosion by removing the dryv dust. The dust-
ier seasons of the year are the geasons of tight
atmospheric pressure gradients, sharp troughs
and frequent frontal passages,

The intensity of the wind is also a facicr in
determining the dust condition, since the force
exerted By thewind is proportional to the square
of the velocity, and the energy, or work-doing
abilily, its proportional to the cube of the velo-
city, Table 3-10 showa the surface wind velo-
city necessary tn transport various sized dusi
particles.

Wind velocity Increases logarithmically with
height above the ground. These data are clcse~
ly associated with the transportability of dust,

nless adistinct dust storm occurs, wind-blown
sand rarely rises more ttan three feet off the
ground; the average halght being about 4 Inches,
It has been estimated that a 33 mile an hour
wind at 2 five foot level is required to set sund
particies in motion,

The height to which a dust storm riscs is a
function of the wind velocity and the stabllity of

A

TEE AT

7 £
f‘; Ll"m

"
Lo
.
.
LS
~
>

-

A gu o g ghl
PP i ol Y

. .
NS S JL

1

- e
o R B

5 39

Yo

-

LA 2 it v 20 T TS
.1(-(‘-' L S

o

ISR

L,

AT R R P A ol

fad’ P AP AP

PO R




L

e e 1 R W RO W

[

RORSTRPY

Tahle 3-10. Surface Wind Valocity Related
to Moving Dust Particles /30/

Wind velocity Mcan particle size
(mph} (microng)
1.1 7 40
2.2 80
4.4 160
8.8 320
19.6 650
29.6 970

the entire air mass, Unstable air masses cre-
ate extreme vertical air movemeénts, resulting
in turbulence and convection currents, which
can carry the dust as high as ten to f{ifteen
t:-ousand feet.

Effects of Sand wnd Dust =

Almnast al] dusts, and many kinds of dirt, are
tovarinus extents hygroscopic, and so they tend
to artdsarb momstare. A film of dust or dirt on a
material, the:ofore, tends to maintain a higher
moisture Jevel. This tends to increase the de-
gradationand corrosion rate of most materlals,
/47 Sand apd dust penetrate every crack and
crevice of a weapon system, When mixed with
lubricants, the mixture becomes an excellent
grinding compows, Accumulation of dust, sand
and other ¢ritly matter .ccounts in large part
for ih drying aud caking of greases in exposed
bearirzs. For ~xample, an internal combustion
engine operated without an air filter will be
rendored unless in about 10 hours or less, de-
nendis: on the dust concentration,

irom a cempouent viewpoint, if the compo-
nent is in 2 woistureproof housing, it is also
protected fiam sand and dust, Hermetically
sgaled components, such as relays, tiransform-
ers, and vacuum capacitors, are not affected by
sand and lust,

Duast accumulates between high-tensjon elec-
trodes qnd oremotes arciil. It gets intc con-
ncetors, causingy them to stick and make poor
contact, The abrasive action of sand and dust
rapidly (amaces bearings and the armatures of
motors, ., namotors and generaors. Voleanie
dust ot 3 constituents that hasten the cor-
rosion of tro. surfaces. Dust can even become
embclled in <ome types of die castings and be
resporsinle {or aphonomenoun known as growle(%.
If parts =0 affected are intended to be moved,
scizure eventualiy takes place./4, 33/

Dust in propellants or propellant systems
clow fael metoernn, passages, causing erratic
operu'ion or even explosions,  For exampie,
impdsitiens ontecting heavily concentrated hy-

drogen perixlde have caus. explosions, Dust
In cooling passagces of regeneratively-cooled
lqiuid rockets can cause hot spots, leading to
possible motor burnout or explogion./ 33,/

The abraslve action of wind-driven sand
wears away paint and other protective coatings.
It can make windshields, radomes or star-
tracking windows opaque and thereby reduce
visibllity or seng!ttvity, Sand and dust particles
inhinge bearinga of control surfaces on aircraft
cancause sufficient frictionto make the controls
stUf and difficult to operate. Wear 18 iucreased
ad additional maintenance is required.

Dust will plug the draln holes in the wings
and tail structure of aircraft and prevent ¢ooin.
age of water; pitot tubes become pilugged; and
the dead air spaces in wings, fusefage ard 12l
allow dust to accumulate, possibly affecting the
aerodynamic stability or performance of the air-
craft seriously. Dust will also clog or plug
components of spark igaition engines. This is
especially true where oust in combination with
leaded i{uel will rapidly increase spark plug
fouling, This is a serinus problem in the oper-
ation of helicopters because of the relatively
high percentage of time they operate in heavy
dust concentrations./30/ Cooling systems are
affected because the dust adheres to oll-soakaed
or wetted surfaces and forms ingulating lavers
that reduce heat transfer rztes,

PRESSURE -

The effects of pressure fall Into two categories:
-Those resulting [rom ambient pressure, and
those caused by wind.

Ambient Air Precsure/34/

——Amblent pressure 8 the surrounding air
pressure of a given point at a prescribed alti-
tude and location; it is equal to the weight of a
column of air, over a given areg, from that point
to the outer extreme of the atmosphere.

All aerodynamic and thermodruamic charac-
toristics of a flight venicle are derendent tn
some extent on ambilent pressure, Drag, lifi,
thrust from air-breathing propulsion systems,
vapor pressure and cooling rates increase
directly with increases in ambient pressure,
Effective thrust from rocket engines and control
surface size, on the oth.r hand, decrease with
increased amblent pressures.

lL.ow amblent pressures adversely affect hu-
man beinge and make presgurizatior systems
mandatory. This, in turn, presents the danger
of explosive decomprest .., which would vccur
if the cabin or compartment pressure were sud-
denly lost due to mechan;cal failure, damage by
a metcor, or possibly enemy action,

Many lubricants have a rclatively high vapoer
pressure thzt renders them useless under con-
ditinons of extremely tow ambient pressure.
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Gravhite is ospecially affected, becoming an
abrasive, Without lubrication, oxide coatings,
or molecular gas films, coefficients of {riction
beiween moving surfaces rigse sharply, with gal-
ling inevitable and cold weldirg protable. Ex-
tremuiy low pressures will also drastically af-
fect @l kinds of scais; even a good welded joint
JSiay prove to be porcus.,

Ficowsical Arcover and ¢erona. The insul-
ating cffect of air between high-voltage elec-
trodes, ¢r olher high tension points, decreases
with decreasing pressure. Thercfore, at high
altitudes, high voltage equipment may have a
vollage arcover between the high tension points.
At a pressurc corresponding to an elevation of
45,000 fect, the voltare breakdown potential is
approvimiitely o Hard less than at sca level. At
6U,000fcet, the breakdown potential ie about one
fifth of ity breakdown value at gea level./4, 35/

Dostructive  arcs  can  damage conductive
parts, and break down insulators so0 that they
will conduct. Connectors, terminal boards and
relay contacts are examples of parts that are
wubject to arcover problems. Other parts, such
as resistors, capacilors and transformers
unlesshermetically 5o3led, cuan develop internal
arcii-¢ in a low pressure environment, Arcing
is particularly damaging to brushes used in
motors and generators,

If voltames are net Liph enough or the air
pressure s not (uite low «nough to support arc-
over, numite arcs may take place in the area
of the hitk voitace points. This is known as
cororn, and can damaee components and ma-
terial> and cause considerable communication
interierance. 1nce innized air caused by corona
irotices orone and oxides of nitrogen, The
orone ocidizes natural rubber and synthietic ma-
teriaes, and o onides of nitrogen combine with
water to Donmoacids thal contaminate and de-
frade ansuiat~rs and bushings, and corrode
metdes, 4,135, 267 At a pressure of approxi-
moarely 1070 alimeters of Hg the air becomes
too ' ntu support a enrona discharge,

Heor  Peemvpl, Convectlion is a common
e s of removeny heat from equipment, Since
the density of air decreases with increasing ai-
titu i, the heot absorbing capacity of air'falls
off proporticgntely. Table 3-11 shows the heat-
ahsoroing capacny of a given volume of air at
various altituaes as a percentage of its heat-
ahsorbing capacity at sea level, Since the air is
Iros able to ahsorb and rcomove heat at hipher
altitedes, the temperature of heat producing
components may rise above their safe operaddng
Yevegs unless preventive measures arg taken.
At o pressure of approximately 10°% milll-
mei rsof Hpoair can no longer be constdered a
heat ondudtor,

Wind 34/
Wil s usually causcd by differences in at-

worheric density, which produce horizontal
dlferencey an air pressure. A pressure gradi-

3-26

= Porcant heat-absorbing
_ Altitude oapacity of given volume
(fect) of air to that at sea level
0 100
20,000 50
40,000 25
60,000 10
80,000 3
100,000 1 _J

~.ment and create a potent

- B 4. TS ek Sl &

Table 3-11, Heat Absorbiry Capacity of Alr
at Various Altitudes /34/

entforce develops, setting the air in motion and
causing it to flow from high to low pressure,
Any sudden, brief movement of air at a velocity
in excess of the steady alr velocity is a gust,

Operational Efifects., Wind can affect the
flight path and range of missiles and aircrait,
In horizontal flight, the direction and speed of
the winds at apeciﬂc levels, sucn as the jet
streams, can increase or decreasge the range of
a vebicle, A change in wind spged or direciion
with height can force a vehicle off its intended
course and ‘stalbly out of control, Surface
winds as w g8 atmospheric winds must be
considered in sclecting missile launching eites,
In addition, wind I8 instrumental in producing
other iroublesome environments, such as wind-
blown sand and wind~blown snow,

Wind Load Stress. Stress caused by wind
loading Is a basic consideration in flight vehicle
design, since sufficient strength must be pro-
vided in all structural members to withatand
allwind and gust lcads likely to be encountered.

The forco cxerted by wind varies 2g the gquare
of the wind speed, and wind velocity generally
increases with altitude. However, at high alti-
tudes the loading caused by wind is greatly di-
minished due to the decreased atmospheric
~-density, Data on-the probabllity of occurrence
of winds of various speeds are given in Chapter

. 2./36/

Low velocity and short duration gusts pro-
- ducing accelerations of 0.1 to 0.5 g can shake
and jerk a flight vehicle, but usually will not
displace it from its intended coureec cr caure
“any structural damage, However, higher ve-
locity and longer duration gusts may accelerate
_the vehicle and also cause structural damage.
On the ground, gusts may produce dangerous
structural loads on ground support equipment,

EXPLOSIVE ATMOSPHERE/ 37/

Combustible ga};es usually a mixture ¢f hy-
drocarbon vapors and alr may secp into equip-
{ally exploslve atmog-
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phere. Illectrical arcover, corona or a spark
from &ny moving electrical equipment may ig-
nite these combustible gases and cause an ex-~
plosivi or fire. Some of the factors involved in
producing a potentially explosive atmosphere
are the fuel-air mixture ratio, the atmospheric
presecere the temperature, the humidity anc the
gource of igniulh,

Fuel-Air Mixture Ratio

A mixture of fue) and air may be either too
rich or too lean to be an cxplosion hazard., At
gea level pressure, a mixture consisting of 1 to
7.5 percent fuel, by weight and volume, consti-
tutes a putorv'.i'u‘y ¢xplasive atmosphere, Mix-
tures ¢’ 3 to 5 percent fuel are extremely haz~
ardous and will readily produce high-speed ex-
plosionhs and tlame propagation, Below 3 and
above 5 percent, the fuel-air mixture will be
more difficult io ignite. If jgnited, the explosion
will be mild and the gpeed of tlame propagation
will be slow,

Atmospheric Pressure

A potenticlly explosiy e atmosphere varies only
slightly with decreases in pressure. As atmos-
pheric pressure is reduced, the dielectric con-
stant of air “rereases, thereby increasing the
possibility of ¢V :etricaldischarg 2, However, with
decreased atmossheric pressure, the explosive
mixture becon.2 nore difficult to lgnite.})438/

Temperaturc

Temperature bas little effect on the explo-
siveness of a ras mixture within the temperat-
ure ravce of &5 F (30 C) to 131 F (55 C). How-
ever al tow Lerperatures, which exist at hipher
altitudes, t:e plosion hazard is considerably
reauce 4,

Huruidty

ncreasea bumidity does not affect the ex-
plosive atwonphore atuelf, However, it does
shithG dece2aze the speed of flame propagat-
10n,
Sourc:: - ¢ mudon

Evonoan the most potentially explosive at-
mosprtere, a vimble spark may occur a number
of times and not nrnite the mixture. The spark
must . iveoff enouph heat to bring the temperat-
ure of the msture to the flash joint. An elec-
tric sparh deljvered over a relatively long per-
iod i the moest effectiveipnition source. Avuve
20,0040 Leet, ¢orona rather than electric arcover
acts as a sousve ol igaition./4,25/

ATMOZPHERIC ELECTRICITY

Atinsplioric electricity includes static elec-
tricity and lichtn:mg, Both can causce serious
et ard may interfere with the coperation
of fli svehicles Py 3-31). Atmospheric elec -

"7 Fig. 3--31. Alrcraft damuge caused by static
=- d'scharge or lightning strike,

tricity is discussed in Chapter 2, The following
paragraphs are primarily concerned with the
effects of static electricity and lightning on the
operation of flight vehleles./37,39,40/

Static Electricity

The electrification of flight vehicles with
high static electrical charyg:s I8 produced In
two diferent ways: autogenous electrification
and exogenous ciecirilicaiion, Aulogenous eiec-
trification is the most common form and ugual-
ly of the longest duration. It is caused by the
rubbing of particles, such as snow, dust, sand,
and smoke, against the outer surface of the ve-
hicle, Exogenous electrification resuile from
high potential gradients existing in the atmos-
phere independent of the presence of the mg)t
vehicle, It §8 especially apt to occur during
thunderstorm activity./37/

Effects of static electricity include shocks
topersonnei, lgnition of fuel and other combust-
ible materials, and arcing in electrical equip-
ment,  Static electricity may also cause pitting
and rupture of rubber deicing boots, windshields
and other highly insulating materials, such as
polystyrene and methylacrylates.

The principal effect of static electricity 18
fnterference with radfo reception. Radiov re-
ception, particularly in the lower {requency
ranges below 100 megacycles, may be blucked
out compietely by static electricity. Another
related flight problem (s the blanke:ing of anten-
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nas by exhaust gases from the vehicle propul-
slon eystem, These charged gises make tue
antenna nonregeptive,

Lightning

Light. =y is a disruptive discharge of elec-
tricity and may cause dam- e to flight vehicles
during thunderstorm activity, Contrcl surfaces
may develep small pit marks and holes. Non-
metallic parts, such as radomes, windshields,
antcnna insulators and canopics may be shat-
tered. And the vehicle skin may be burnt and
pitted, with most of the damage taking place at
sharp edges or the smallest radii of a curva-
ture. Apa=. from the risk of the crew belug
teninor avily blinded, there is little danger to
humans in a preoperly bonded flight vehicle,

Radio 2quipment is frequently damaged by
lightning, Antennas arc suvst likely to be hit,
Unless preventive methods are used, the cur-
rent from the lightning is conducted along the
cnlenng to the electronic egquipment causing
serivus damavce. Command antennas, {ixed an-
tennas and dry wirk discharge antennas are the
types mast olten domaged./37,39/

MICPOMETECRITES

Table 3-12 <hows the probablility of a me-
teorite or micrometeorite hitting the surface of
a space vehicio and approximately how deep the
particle will punetirate if the vehicle skin is
made of Wumipum. Meteorites having a mass
of one microgram and travelling 30 miles per
secord will penetrate approximately one milli-
meter of aluminum skin, However, the proba-
bility «f a meteorite this size hitting a space
vehiale jz vedy slicht, On the other hand, space
vehicle cncounters with smaller and iess ener-
goticpartieles, such as micrometeorites, woul 2
be more frequent, but the depth of ponetration
gl Do aancidovrahly avvallawe /A1 A9 A7 AA/
woultbe ronsiderably smaller./41,42,43,44;

Al:bouch micrometeorites do not penetrate
the curface shan to any extent, they may never-
theless prasent o hazard to space vehicles,
Micremeteorites will gouge vut small pieces of
theso~fur e etun, similar in effect to sand blast-
iy, Tae ero<ion that results may change the
beat trancior properties of the surface, In ad-
dition, the enerpy released by the small particle
may travel thrauch the skan and leadto erosion
on the anside of the skin,

Anciher  effect of micrometeorites i8 the
clectr avatic anteraction betwedn the particles
ard the space vehicle, The positively charped
macrome tearite particles increase the erosion
rates of the skim and may affect radio commeu-
nicatin, 42/

Generally, of o« space vehicle is exposed to
meteoritie and micrometeoritic bombardment
for lon: pereds, a gradual cerosion of the ve-
hicle's shan will tutie place, However, for short
durations, the harzard from meteorites and mi-
cropocteorites is neghipible (Fig, 3-32),/44/

Ky

Kinetic Probebility Depth of
Mass energy of 1 hit per | penetration of
{gm) (ergs) 24 hours* | aluminum(cm)
1.25 1.0x12013 | 1.2x16°8 10.9
0.50 4.0x101% ] 3.1x108 8.0
1.98x1071} 1.6x10'2 | 7.7x1078 5.9
79%x10°2 | 6.3x1011 | 2.0x1077 4.3
3.1x1072 | 25x10" | 4.0x10-7 3.7
1.2x3072 | 1.0x101 | 1.2 x1078 23
5.0x1072 | 4,0x1010 | 3,1x1078 1.0
2.0x10"2 | 1,6x1010 | 7,7x10"6 1.3
7951074 [ 6.3x10? | 2.0x1078 0.92
3ax107% [25x10° | 4951075 0.63
1.2x107% | 1,0x10? | 1.2x10™4 0,51
5.0x107° | 4.0x10° | sixio”? 0.57
2.0x107% | 1.86x10® | 7.7x1074 0.27
17.9x107® | 6.3x107 | 2.0x10°3 0.20
3.1x1078 | 2,5x107 | 4.8x1073 0.16
T12x107 | 1.ox107 | 1221072 0.11

Table 5-12, Probability of Moteoritc or
Micrometeorite Hitting 1000 ft2 of Sarface,
and Its Penctration of Aluminum /42/

*For vehicle operating outside of Earth's atmosphere
(From "Meteoretic Phenomena and Metoorites', by
Fred L. Whipp'le, in Physivs and Medicine of the Upper
~Atmosphere, edited by Clayton S, White and Otls O,
Benson, copyright 1952 by the Lovelace Foundatior,
_published by University of New Mexico i’ress, Albur -
querque),

"RADIATION -

.. Exposure to large amounts of radiation in-
duces changef in most materials, From the
standpoint of proper operation in military sys-
-tems, these changes are generally harmfud, It
should be pointed out, however, that some ra-
diation induced changes are benelicial, For
example, the yield strength of a metal and the
temperature resistance of polyethylene may be

_improved by irradiation.

Cosmic Radiation

To date, litle In the way of induced effects
can be attributed to cosmic radlation encounter-
ed in space operations, However, ilwo ellects
may be postulated:

1. Radlation damage of a permanent nature
to less reslstant components, such «s trans-
istors,
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2, Short term f{onization, which may cause
spurious pulses to be induced {nto computer or
anti-couincidence circuits,

The permanent damage that can occur In
components such as transistors should not be
too serious, Estimites indicate that semicon-
ducicr ~omponenis wili operate at least5tn 8
years in a ccoutic radiation environment with-
cut more than a 20 percent reduction in their
electrical characteristics,

The occurrence of transgient ionization ef-
fects in the form of random pulses ir transist-
or circuits was indicated by Drayner./46/ How-
ever. these pulses did not follow known cosmic
ray particle distributions. Due to this lack of
correlating, «liects cannot he predicted on the
basis of available data. It might be concluded
chat ionization effects caused by cosmic rays
will be no more trouble than interference from
other sources, Photomultiplier tubes, however,
may be an exception. Cosmic radiation striking
the cathnde will produce a great number of elec-
trons. The viections wili cause instantancous
saturation of the tube, resulting in a noise pulse.

Cosmic iyadiation damage to structuryl ma-
terials will be negligitle,

Solar Hadiation

Solar radiation causes heating, which resulis
inthe bhroakdesaof complex moleculos that make
up materials such as paints, lacquers, rubbers
and plustics. ihe extent to which heating takes
place depends on the heat transfer characteris-
tics, thermal copacity and absorptive proper-
ties of the object or material,

Solar radiater is also responsible for many
of the processes in the Earth’'s atmosphere,
Ultraviolet radiation causcs ionis ition of aimos-~
phieric 2iteos o, as well as iomezation and dis-
socration ol osveen, X-rays emitted by the sun
are uhsorbed Voothe Barth's upper atmosphere,
prodioun the feniceod layers,

Nucle a1 Padiat-on

The oxpesdinr use of atomic energyv in mi-
Hitars weapons svstems makes it necossary for
the egapnyat desivner to know the effects of
nuelear rahioton on various materials, compo-
nents and syastenms,

The nudlear radiation emanating from a re-
actor connists of fast reutrons, slow or thermal
neutrans, canma phrdons or pamma raya, and
beta vornieles, The alpha particles, beta part-
icles and fissoon {ragments are penerally con-
tareathan e peactor core, or, of encounter-
ed outprde the reactor, their energy has been
attey ol Therefore, the following paragraphs
are concerned only with the eliects of high en-
cryy oo uetens and paumima ray s,

Unit _and Conversion Factors

A peoblomtbatacises in vsiog and evaluating
information from various studics on the effects
of - dear rachiation is the fact that the invest -
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Fig. 3-32. Meteorite Intenusity./45/

igators express their results in difierent uniis,
Although the true physical unit for radiation in-
tensity is incldent radiant enerey per unit area
per second, exposures are often reported in
terms of the rate of energy absorption or fon
production in a standard reference material,
Thus, the roentgen and the rep, defined as the
radiation intensity required to produce a speci-
fied ionization in air and a specified energy ab-
sorption in tissue, resvectively, have been em~
ployed as measures of radiation exposure for
other materials and applications, Various units
arealsoused to express the energy absorbed by
2 material, with ergse per gram, rads and elec-
tron volts per gram being the most common,

Some degree of unlormity has been achievea,
with mos} investigators now expressing neutrons
in terms of flux ( ), which is the neutron {n)

“inultiplied by the average velocity (v), or 4 = nv,
The agsociated time exposure is integrated, and
the total integrated neutron flux is written nvt
(o = neutrone per cubic centimeter; v = centi-
meters per second; and t = seconds).

Another step toward uniformity in expressing
nuclear radiatlion data involves the terms for
reporting gamma. exposurecs, Previously, they
were extensively described in roentgens, or
photons per centlmeter equared per second,
More recently, in attempting to report measur-
-ements by methods that do not lnvolve unneces-
sary assumptlons, itnvestigalors have been re~
porting gamima exposures in terms of carbon
“dose, which has units of ergs/gm (C).
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A list of conversion factors for comparing
nuclear radiation data from various sources is
given in Table 3-13,

Materials

Elat meric and Plustic Materlals,/47,48/
Elastomers aca plastics are primarily organic
materials, They consist of carbon and hydrogen
atoms bound together by covalent bonds that are
easily disrupted by nuclear irradiation, How-
ever, all the properties of a polymer (elast-
omeric and plastic materials} are not affected
to the same degree by radiation, For example,
some elastom=ars may fail more rapidly by loss
of tensile <trength under irradiation, while
othero .nzy iali by loss of compressive strength
or development of a compression get. It is
therefore important to know the radiation dos-
ages required o damage specilic progerties of
polymers, Tables 3-14 and 3-15 show the ef-
fectof radiation on some of the more commonly
used ¢lastomers and plastics. Thesetables list
radiation dosages at which thresnold damage
occurs and 25 percent damage has accrued,
Threshold damage occurs when at least one
physical property bLegins to change, while 25
percent accrued damage occurs when at least
one physical property, such as tensile strength
bas chaneerd by 25 percent. Figures 3-33 ané

‘Jable 3-13, Conversion Factors.for Nuclear
Radiation Data

To convert To Multiply by
ra-ds ergs/gm 100
ev/rm ergs/gm 1.6 x 10712

roentpey

ergs gm(C) 87.7
TeD cerps/pm(C) 84.6

road {livsar) crgs/miC) 20.9

rad (sator, ergs/pm(C) 90.0

o
v erges ‘gm(C) 45x10 8

e om

s heonsem erespm(C) 4.5x1078
n
*phatuns, ol rep 5x 10710
*pepc b nlem?/sce 7.1 x 104
*ral hr n/em/see 8.3 x 104
‘rovhr n/cu/sec 8.3 x 1()3
. o ! -6
) rad/ hr 4.2 x10
- 5 2
1 tocntpgen/hir 5.5 x 107 gammas/em’ /see
. 5 2
e hir 5077 x 107 ganmas/em®/sec
o omed oo eneryy of 1 aev,
3-30
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Table 3-14., Relative Radlation Stability
of Elastomera /47/

Radiation Radiation
dosage douage
required roquired
for thros~ for 25%
hold damage damage
Material (ergs/gm) (ergs/gm)
Natural rubber 2x 108 2.5x 109
Styrene-butadiene rub- 2x 108 1x J.O9
bor (GR-S)
Nitrile rubber 2 x 10° 7 x 10°
Neoprene 2x10® | rsxae®
Butyl rubber 2 x 10° 4x10®
] stlicone rubber - 18x108 | 42x208
Acrylic rubber 1x 108 3.3x 1()8
Polysulfide rubber 6x10° 1.5 x 108 |

_3-34 also show the effect of radiaticnonselccted
plastics and plastic laminates.

... In gereral, plastic materizls are more re-
sistant to radiation damage t.hg,n areelastomcrs.
Plastics may be exposed to 10° to 101¢ ergs/gm

-4rradiation before a physical change appears,
while elastomers can only absorb dosages of up
to 16°% ergs/gm before being damaged. Most

—elastomers tend to increase in hardness when
irradiated. Butyl and Thiokol rubbers, however,

_will soften and become liquid with increased
“radiation dosages. Natural rubber is the most
radiation resistant of all the elastomers. It re-

.tains its elongation, strength, resilience, flexi-
bility and abrasion-loss better than any other
elastomer.

= Of ali the plastics, the rigid plastics are the
more radiation-resistant, Some of the rimd
—materials, such as polystyreneand minexral filled
phenolics, may be exposed to dusages of almost
1012 ergs/gm and only when will 25 percent
damage occur, On the other hand, some plas-
- tics, such as Teflon and unfilled polyesters, will

becomedegradedat dosages of 10° or 10* erps/
gmto the extent that they will be unscrviceaiie.

Polyethylene. Polyethylene {a one of the
more raéiahon resistant plastica. It is unaf-

fected by dosages of up to 1.9 x 10Y erps/gm.

However, al higher radiztion dosages, poly-
ethylene becomes a flexible, rubberlike mater-
ial and, with continued raciation, it beeomes a
crosslinked material that is somewhat brittle.
At a dosage of 9.3 x 10 ergs/gm, the overail
merhanical properties of polycthylene are
changed by 25 percent, Tensile streagth in-
creases at first, Eut at approximataly 1.1 x 1010
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™ ble 3-15. Relative Radiation Stability
of Plastics /17/
Radiation Radiatlon
dosage dosage
required required
! for ithres- for 25%
hold damage|{ damage
Material (erge/gm) | (ergs/gm)

!

i Polystyrene gx100 | 4x10'!
Pherol formaldehyde | 2.9 x 1010 | 3.9 x 101!
(ashestng filler)

Polyester (mineral 3.7x 10?j 3.9x 101l
filler)
Poiyvinyl chloride 19 x 100 1.1 x 1010
Polyethylene 19x10° | 9.3x10°
; . 8 9
Urea formaldchyre 8.3 x 10 51x10
."\TL)HUL"I:(‘I L itrunino-~ 1,ﬂ x 1\')8 2 x 109
ethyiene
Celluli s acetate 2.7 x 10;‘ 1.9 x 109
\ B 9
hrat formaldebyde 2.7 x 10 1.1 x 106
(unhilicd)
1 . . a7 9
AMethylt methaery e R.2 x 10 1.1 x 10
v (el 107 7
Voyestor (artidod) 3.4x10 8.7 x 10
Polvier aluorsethylene]| 1.7 x 106 3.7x lOG
(Tt

eryva i, it berins to decrcase and is 25 per-
cent oaer than the iaitial vadue at approximat-
ely 10Y ¢res pm, Polvethylene iz fairly stable
in its  elastic modnlus values, Polyethylenes
containing carben black have a higher density
and ar e siightly more resistant to nuclear ra-
dution taan standard palyethylene./47/

Phoosmated Polyiers,  TFluorinated mater-
inds © ow panr stabnlity to nuclear radiation,
Fluormaied polymers such as Viton-A and
Teilom are serreasly depraded by relatively low
vobaton exposure dosapge of 1 x 10Y and 5 x
10 eres hom, respectively, The poor stability

Criterios, Thiasho!s of CRange in
Tenrile Strangth
1a independenca Assvenadl

Exposure Timé, holirs l

t0 PO
10° o)y 107 10°® To}d
Dose Rate, ergs/gmic)/iw

Fig. 3-33. Radiation stability of selected

plastics.
]
0 <
- Criteria;
- T5F—=Ng Chenge ' Ultimaty Fleayred
Strengih {172 Hewr ot SQOF)
\ S00F=50% Oecrecss in Ut -2
:‘l $irangth
3 {Doss Moty indspendence Avsumed)
=10

Exposure Time,
o
.

o

108 107 in® 10? 10"
Dose Rate, ergs/gmic)/hr (Co®° Source)

Fig. 3-34. Effect of radiation on glass {ab-
ric reiniorced piastic luminates,

tc irradiation results because these pulvymein
ara not cross linked, When the polymers are
subjected to nuclear bombardment, the fluorine
atom is knocked off and in turn reacts to break
a caibon-to-carbon link., This causes a low-
ering of the tensile strength and hardness of the
material./49,50,51/

Metallo-Organic Compounds. Metallo-organ-~
ic compounds, such_as boron, phosphoros and
silicone polymers, arc resistant to both high
temperatures and nuclear radiation, Elements
ol low atomic weights are generally more ra-
diation resistant, *When an element such as
boron, atomic weight 10, 18 coupled by means of
gamma radiation with a polymer such as poly-
ethylene, which 18 also radiation resistant, the
combined materials are less affected by radia-
tton. Mectallo-organit compounds are still under

3-31
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development and very little data are avallable Table 3-16, Propertios of Motala Affected DL
coscerning their radiation effects, /52,53/ by Radlaticn b
Propert Effuol
Organic_Heat Transfer Materials, The terp- oy
henyis are Teast affecied by radiation, and are Tenstle strenzgth Incresnse
the preferred class of organic heat transfer Ductility Docrease
materinls at high tempcratures, The density,
viccosiiyaw  ~arben-hydrogen ratio of the terp- Hardness Decrzase
henyle increase, and the mesting point decreases Impacy strength Docrease
with increased puclear irradtation. The terp- - .
heayls will become unsuitabie for use as a heat Electrical resistivity Increase :

transfer medium when exposed to a nuclear
dusape of 4 % 1012 ergs/gm,

Mono-isoprapylbiphenyl, biphenyl, diphenyl
ether and c.iicate psters also are litde affected,
YLy rawation. Mcno-isopropylbiphenyl becomes
unsuitabie as a heat transfer merdium only when

Denslty -
Thermal conductivity
Dimensional stability
Elastic constants
Creep strength ~

Decreased moderately
Decreused modurately
Affected moderately
Little or no chauyge
Little or no ~hauge

-~ .
PR N - R

R
Wity

" "l’

2 % 10}2 ergs/gm are absorbed, and both bi- Fatigue strength Little or no cheage ;
- iYs ‘ ~t Al -— -— “x

phenyl and silicale csters become unsuitakble at o
1.4 x 1012 ergs/pm. The density, vicosity and Damping eapacity Little or no change Al
carbon-hydrogen ratio of this group increase, Diffusion coefficient Little or no change e
F ing point decreases with increasing - e
32?(},?5)32?,1}&':‘ pot cereases wibh increasing Thermoelactric emf Little or no change k"

Corrosion resistance Little or no change ¥ N

The least suivab¥z for use as heat organic Internal friction

Little or no change

materials are ethylene glycol, chlorinated dip- n
heryls, DC-710 silicone and phosphate esters, ~— | Microstructural nd phase transformations are Y
They beeome rapidly degraded at nuclear ex- possible in some systems, St
posures as ey as 10 ergs/gim, T
The physical changes due to irradiation vary . Varlous coatings and their susceptibility to ra- e
consrlerably with molecular weight, Low mo- diaticn damage are as follows: R
lecular weight polymers are usually less affect- = 11 S A
ed by nuclear exposure, 54/ Y Satisfactory to 107! ergs/gm (C) s
- Phenolic coatings (MIL-R-3043) N
. Silicone-alkyd enamels (unbaked) ab o
Structurad Metals. In general, any property Alkyd-enamels (MIL-E-5557, 40% T S
of a m?tzd that depends on plastic {low may be ghthallr anhydride) ' A
affected vy (raadiaticn with fast neutrons in in- ’ - by
tecrated fiux levels above 1015 avt, Yield ‘urane coatings (alkaloy-550) o
strencth may increase up to 450 percent for ar 1 '-_f
ncaled metals and to a lesser extent for cold- Satisfactorvy ta 10 0 erps/om (C) . fal
worked mectals or metals strengthened by heat S o
troeaiment,  The ductlility, measured by percent Nitrocellulose lacquersa (Black) aon

\; \'\'\. \ Y ]-
R o]
. OF OF B RT_RCL NS VS B W Y

clop atien, of a metal is lowered. Loss of duc-
til*.y can range from one-fifth to one-third or
more, Thehardness of a metal may be increas-
ca ' as much as 100 Bhn after exposure to ra-
diatwon, 557/

Alkyd enamels (32% phthalic anhydride) oo
Kel-F elastomer coatings
Siicone-alkyd enamels (baked) _
Siuicone enamel (baked) e
Epoxy enamel (baked) "t

C-her wiiccts of radiation on metals are an Satisfactory to 102 ergs/gm (C)

intrease noelectrical resistivity of generally 7.
Tecw e 1o percent, and decrease in density of MIL-C-8514 wash primer )
Iess tian 0.2 pereent, Very little change due to ' 6 "j
reboatrm is noted in the thermal conductivity %1_35__5- At a dose of 106 ergs/gm of guama e
w1t ermaclecteic properties of metals. /557 radiation, most glaaaeg develop a brownish col- rj
Toite 3-16 slows what properties of metals are or. At a dose of 10% exgs/gm, many optical -y
atrcted by arradiation, and Tables 3-17 and glasses beome so darkly colored that trans- <X
3-1sshoy hew some of these properties are af - mission of light through the Lil,asﬁ ls severely )
foofudn vanous structural metals, reduced, At dosages over 1012 ergs/gm, the o 4
discoloration of the glass reaches a saturation )
point, If & 2 radiation dosape i8 Increased, dis- hog
Coeatingg Materinlse A problem  often en- placement and transformation of atomic nuclel [
coonvered T TdeRning equipment or systems in the glass may cause fracture or physical (;
to teused in a nuclear radwation environment disintegration, Suica glass, Pyrex glass and

15 the chewee of satisfactory coating materials. plate glass generally increase in dencity afier

%
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Table 3-17. FEffects of Radiation on Tensile Froperties of Various Metals /55/

f Yield strength Tensile strength Elongation
Integrated (1000 pst) (1000 psi) (percent)
neutron flux Before Before Before
Material (1019 nvt) radiation Change radiation Change radlation Change
Tantalum 5(F) - - 68 +1% 21 -4
Tunssten 5(F) - - 153 -36 0 G
Tantung G 3T - - 73 -4 5 -1
MYV beryllium 240(F} 245 - 35.7 +16,7 1.4 -1.2
356 alominum 240(F) 24,1 +18.8 32.4 +11.9 2.7 -2.3
1100 aluminum 210(F) 18.4 14.8 20.3 +6,7 22.3 +3.2
Copper 20-70(8) 9,5 +42.5 35.3 +18.7 58.7 -29.4
Nickel 20-70(S) 10.3 +46.3 52.68 +13.9 52.7 -24.1
Ticehum (Ti=73A) 20-70(S) 61.5 +43.0 32.2 +23.3 279 -13.8
Zirconjium 20-70(5) 2.7 +17.2 36.1 +3.1 36.4 -ia,7
Iron 20-70(S) 13.4 +26.4 35.0 +8.,0 656.7 -22.3
Alelybddenum 20-70(8) 94,1 +53.6 99.8 +51.9 43.7 ~43.7
AMonel AR} - - 868.0 +5 32 =3.0
(1) Fast Neutrons.  (S) Slow ncutrons,
Table 3-1¢. Effcets of Radiation on Hardness and Dengity of Varioua Metals /857
- Hardnegs (Bhn) Density (gm/'cma) T
litegrated neutron
Aliterial flux (7019 nvt) Before radiatlon | Change | Before radiation Change
Tertalum 5(F) 147 +53 - -0,1v
Tunp-'en 5(F) - 0 - -0.15
Tt G 5(F) _ - .. 0 - - -0.20 to 0.25
CRIY heryiliam 210(1) 127 +52 1.847 0
¢ G almmina 240(1) 67 +29 2.665 ~0.02
1
Tioo atuminam 24N 38 +34 T 2,113 -0.004
C et 20-70(F) 43.5 +56.0 - - -
NRTRIY 20-70(F) 61.1 +54,8 - -
VOoNichked a5 - - 8.894 ~0.07
H it (Ti-754A) 20-70(YF) 177 °° +33 - - -
e oriam 20-70(F) 68.5 _ +21.4 - - -
T 20-70(F) 52.7 +41.8 - -
N ERICIR AR 20-7T0(F) 200 +23 h - -
N 1) 150 +59 B - -
Tl 3.5(1) - - 8.836 -0.05

(Y bt e rong

3.33
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irraciation. However, irradiation causes no
measurable change in the thermal conductivity
of girss./56/

Magictic  Materials,  Structure-sensitive
properiies of magnetic materials, such as per-
mealility, remanence and coerclve force, are
affected by nuclear jrradiation.. These effects
arc moest rerious in the high nickel-iron alloys,
such as Per.oo!lov, wineh have the higheyt per-
meabiiities and lowest coercive forces. When
exposed to a dosage of 1017 neutrons/cm?, the
permeability of Permalloy 1s lowered by 93
percent and the low coercive force is increased
815 pereent, Permalloy also shuws a change in
the hysteresis loop, indicating a deterioration of
the material., The properties of 50 and 48 nick-
el-iron alloys are less drastically eifected by
irradiaticn, Tre inost radiation-resieslant mag -
netic alloys are the silicon irons, aluminum
irons and 2V Permendur alloys. Properties of
nagnetic materials that are not structure-
sensitive, such as magnetic saturation, are ge-
nerally not seriously affected by exposure to
ruclear radiation, 57,53/

Elecrrical Insulating Materials, The most
important cffeets of nuclear radiation on orga-
nic pelymers ssed 25 insulating materials are
tonizutinn and excitation of molecules. The mo-
lecules under bombardment induce a series of
complex chemiecnl changes that alter polymcrs,
The most deportant chemical reactions are
chain cleavave and crosslinkage. The breaking
of c¢imcal bonds and the accompanying side
reaclivns make polymers susceptible to aitack
from the atmouphere. Ozone and ritrogen may
combine chemically with a polymer and destroy

Table 2-1¢, Resizuvity of Organic Insulators After
Peactar:s Pauabhrivm of 41,756 ergs/gm-hr* /60/

Table 3-20. Breakdown Exposurc Doses uf
Organic Insulators /59/

Broakdown expesure dosage 1
Insulator - (neutrons/cm?)
Polystyrene 1x 1020
Polyothylena 1x10'?
™1 Silastic 80 - 1x 1019
Stl-X _ 9 x 108
Teflon 5x 1018
“| silicone rubber 4x 108
| Neoprene B 3x 108
Formvar 2 x10i¢
Polyvinyl chloride 19x 10‘18
1 Rubber 13x Lum
T Kel F 1x 108
1 Suprenant A-1¢ 1x 1017
Suprenant B-2 .4 1016

its usefulness as an insulator. In particular,
the absorption of water, either on the surface of
an insulator or in cracLa within, may cause
electrical leakage./59/

The various chemiral reactions are acccm-
panied by changes in the physical nroperties of
polymers. rfor example, polymers may become
softened and have greater solubility as a result

. L el N T,
o I A R SN
o o —— e M,mwv—uwwqrma SimEn .
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Origina) After of chain cleavage, and tensile strength and melt- g
resiotivi i ing points may decrease, Crosslinking causes -
esistivity | equilibrium h . i
\ater i ohm-cm ohm-cm ardening, an increase in strength and melting ok
point, an increase {n density and a decrease in <
oty hytene 1x10% | 1asx 507" solubility. The electrical resistivity of all po- P
o1 hatate lymeric materials generally decreases after ex- i
posure to nuclear radiation, However, the de- ; s
AR o, no il 2x10°7 | 1.00 x 1017 crease in resistlvity is small in comparison M
' with the original resistivity, Talle 3-19 shows .
Arter, e, 1 <1070 | 1.00 x 10%° the original resistivily of various pclvmere and <4
. their resistivity after reacking equilibrium. *,:!
Polestyeene 1 x107" 140 x 1020 o
. . 2 18 In general, the electrical failure of organic -~
Vgt et cized e ex 1x10°7 | 25 x10 insulatora is usually due to physical and mecha- N
' vy 17 nical deterioration. Cracking and flaking of -,1
PLowv fred peo1apey 1x1¢” 343 x 10 brittle polymers or excessive weakening and -
o o 16 bubble formation in softened polymers fiialiy w
e 700 et ey 1 x 107 1.25 x 10 lead to breazkdown. Table 3-20 lists the ac- iy
" 16 cumulated exposure doses at which insulators -
1o ot lene S5x 100 1.25 x 10 may be expected to fail. In evaluating the data ; Ry
_ o - tn Table 3-20, it shiould be noted that an insu- yooT
Poi v lere 2x 10 333 x 10" lator expnsed tn nuclear radiation nay serve ! N
satisfactorily at one voltage and frequeicy but kot
1oy ennedon the basis that the abserption in fail under different operating conditions, /59,607 ' es
Cathon of 1 opnentpen is cquivalent ty 87,1 crgs/pm. r N
Tiveregdns Stoyeach eqnhbvenn is different for Inorganic materials are, in gencral, much ¥ '\-'f:
Mutiona mnterels, more resistant to radiation damape than are or- ¢ N
3-31 Vo
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ganic substances., Atomic displacements ac-
count for nearly all the permanent damage in
inorganlc insulators, causing changes in the lat-
tice parameters, density, strengthand 2lectrical
properties. The densily of crystalline insula-
tors decreases, while the density of amorphous
ingulators, such as fused quartz and glass, ln-
creagas, Thereiz alao a strong photoconductive
effect accuw,, wiying the nuclear irradiation of
most irorganic ceramics. The threshold flux
for detectable radiation damage of inorganic
materials is as follows:

Meials 1019 n/c1a? (fast neutrons)
Ceramic 10'7 n/cm?2 (fast neutrons)
{except glass)

Glasr

102 ergs/gm(C) (gamma rays)
/59/

Dicvlectric Materizls, Lifttle change in the
phvsical or eiectrical properties of dielectric
muterials kas been observed below a dosage of
1017 neuirons/cm2, Ahyve this dosage, aome
physical properiies may begin to deteriorate,
Hovever, the electrical properties of many di-
electric mn:aterizls, such a3 polyethylene, po-
lvstyrene, Telion, fuced quartz, nylon and pheno-
tormaldehyde arerelativeiy unaffected fur dos-
ares of up to 5 x 101% neul-ons/em?2, /12,11/

in venerci) nuclear radiation affiects the phy-
gical propertics rather than the electrical pro-
perues of diziectric materials., Embrittlement
in £olid dielzctyric materials, transformation of
a linuid dialwetric to a gel, loss of flexibility,
ard changes n thermal conductivity cause ma-
chanical deterioration of the dielectric material,
For example, pclyethylene and nylon, when ex-
posed 10 a dosage of 1016 ncutrons/cmz, have
decreasedimpact strength and become so brittle
that party o e material chip off, However,
very littde desradation of their electrical pro-
pertics takes place. The cffects of nuclear ra-
diation un the physical properties of inorganic
Mielcotric miaterials, 5uch a3 quaris, imica, alu-
mina, zircon and glass-bonded mica, are less
severe, However, clectrical resistivity and di-
clec ric surength may decrease,/52/

Scmironductor Materials. Radiation causes
two citecta in semrconductors: transieant
changes in electrical properties and permanent
choneesinatomic structures. Transient effects
arise from the ionization caused by energetic
phatons or chareed particles, such as electrons,
tras ersing the material, This ionization injects
¢xXcess mirority carriers into the material and
cun oive rise to Velectronic noise" in semicon-
ductordevices, Transientchanges are also pro-
duced in surface recombination velocities.

Permanent changes in atomic structures may
occur dueto introduction of defects in the crys-
tal lattice in the form of interstitial atoms and
vacancies, or by transmutation, which results
{rom cypture of thermal neutrons by the atoms
of the material, Both of these processes intro-
dice now levels into the forbidden energy gap,

——

causing permanent changes in conductivity and
minority carrler life time,

Mechanism of Semiconductor Damage. kEx-
perimenishave cated that radialion exposure
affects conductivity and Hall coelficient mwuch
more than can be attributed to impurities intro-
duced by transmutations. It was therefore con-
cluded that the displacement mechanism is the
source of most damage in semiconductor ms.-
terials. Howover, for completeness, transmu-
tatton effects are also described,

New energy levels are caused by the intro-
duction of impurities into the crystal lattice as
a result of radicactive decay. These impurities
mostly influence the conductivity of the mater-
fal, The transimutation atom may emit encrge-
tic beta particles of gamma ploione. causine
secondary radiation that may be capakic of
causing displacements,

When incident energetic particles, such as
neutrons or electrons, collide with lattice at-
oms, they may impart sufficient energy to cause
a recoil to a displaced interstlitial site, This
results in an interstitial-vacancy pair. I the
primary recoil receives sufficient energy, sub-
sequent collisions may occur, producing second -
ary ana tcrtiary displaced atoms, Thus, many
lattice defects result from the collision of a
gingle encorgetle particle with a lattice atom,
This reaction may result from any of the fol-
lowing processes.

1, Elastic collision with the nucleus,

2. Coulomb interaction with the nucleus
(Rutherford scattering), \
3. Elastic collisivn with the atom.

The first process occurs when an uncharged
particle such as a neutron is involved, The sc-
cond results from a charged particle having
sulficient energy to penetraie the charge bar-
rier i e ecieciron Cioud Qi ue 1allice ruwom,
And the third process takes place when the en-
ergy is not large envugh to penetrate the charge
barrier, Charged particles may algo lose en-
ergy by electrostatic interaction which cansea
electronic excitation and icnization of the Jat-
tice atomn,

Gamma photons interact with orbitul elec-
trons, producing photo electrons and compton
electrons, which in turn may have su/ficient en-
ergy to cause atomic displacements, However,
gamma photons do not causuv atomic displace-
ments directly, Electrons generaliy do not have
sufficient energy to produre a cascade of dis-
placements, since to do sc ithey must have en-
ergies in the retativistic rarge, In Bummary,

semiconductor materials are damaged by high

eaergy particles and radiation through any or
all of the following processes:

1. Ionizatlon.

2. Transmutation,
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3. Elastic displaccment,

4. Displacement of atoms,

The thermodynamic approach to the radia-
tion damapge problem is also possible. A part-
icletraversing a material produces an enormous
amount ~f heat ai a particular point, and a re-
gion of mateisal around the tract of the particle
will be neated to a high temperature, This rapid
heatling and quenching of a small volume of ma-
terial, termed a thermal spike, may leave a
portionof the iattice in a disordered state. The
end result is equivalent to a localized production
of vacarcies and possibly interstitials,

Cosmic rzyc, previcusly described, producze
lattice Jcrecis and noise, and because of the
small number of collisions expected, noise will
probably be the primary effect,

Radiation Effects. Neutron irradiation of N-
tvre yormanium results initially in a decrease
in conductivity, and finally conversion to P-typz
material. The conductivity of P-type german-
ium increases with neutron irradiation, provided
the radiation level is not too high initially. Re-
sistivity changes in P-type germanium occur at
a slower rate than in N-type, The conductivity
of both N-typeand P-type silicon decreases with
irradiation,

The life time »of minority carriers iu semi-
conduttor maicrial is scensitive to radiation,
decrcasing wiitl increasing bombardment, In
addition, unstable minority carrier traps are
produced, leading to plate conductivity,

Compound Semiconductor Materials. Some
new seicondudctor materials, parlicdlarly com-
pounids, offer ureat promise for use in future
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semiconductor devices. However, as far as ra-
diation damage is concerned, no great improve-
~Jments are expected, since basically, one senii-
conductor mopteriz]l {8 nearly as vulnerable as
another. Thle is true with respect to mechanic-
-al displacement caused by incident paiticles,
with the exception that materials of lower atom-
fc welght ase in general more vulnerablethan
Tmaierials of high atomic weight, Also, trans-
_mutations will produce the usual donor or ac-
—cczﬁtor elements, but mechanical displacement
will still be the most severe problem,

Components

Trangistors, Transistor parameters con-
tlnu%y change with {rradiation. Forwa-1 cur -

rent gain i8 reduced because minority rarrier
lifetime is reduced, and reverse ccilecigr-io-
baseleakage 18 increased as a result of Lhanges
in bulk characteristics and surface eifects at
the collector-base junction. These cause changes
in circuitparameters, such as a decrease in the
forward-current transfer ratio, and increased
reverse lezkage current,

Transistors eventually become unusuble in a

radiation environment, They experience com-

plete fallure when the N-type material converts

to P -type, thus destroying the junctions, In low-

frequency gertnanjum transistors, the changes
in minority carrier iifetime degrade the tran-
sistor’s usefullness long before N to P conver-
sion occurs. The sensitivity of varfous types
of transistora to damage by neutron irradiation

is shown in Fig, 3-35,

Semiconductor Diodes. Both silicon and ger-

manium diodes show suaceptibllity to nuclear
radiation by a large permanent increase in the

forwardvoltage drop and Increased leakage cur-
rent of a transient nature.

and reduced voltage output, Germanium semi-
conductors may also fail under nucleai radlia-
tion as a resull of a deterioration in their re-
verse characteristics.
gamma radiation affects backward resistance
while neutron damage primarily affects the for-
ward characteristica ol a diode, The extent of
damage to germanium and silicon diodes is de-
termined by the uitimate nuclear dosage. Mi-
crowave semiconductor diodes are considerably
more radiation tolerant than the general purpose
types.

Transformers. Physical damage rather Luan
damage to the electrical characteristics arethe
~main effects of irradiation on transformers.
Transformershave becn exposed to high energy
neutrons of 3,6 x 1017 neutrons/cm? with very
little damage, Coil resistance as well as volt-
age and current characteristics remained sa-
tisfactory at high exposure dosages. However
at such high radiation exj )sures, rupturing of
the transformer cases may take place due to
~expansion of the potting compound and shorting
of the transformer terminals,

Increased forward
resistance creates excessive power dissipation

It has been found that
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Ercctron _Tubes, Tubes, in general, are quite
reswstant to nuclear radiation. Vacuum and gas-
filled electron tubes are less affected than pha-
totub.s, Phototubes irradiated by 2 flux of 1012
neutrons/cmé for a three-hour neriod showed a
dark currcnt cquivalent to the normal output
from a light source. When the radiation was
etopped, the dark current decreased (o zero,
but the o maftivity or the phototube also decreas-
ed. One of the iargest czuses of tube fallures
due to nuclear irradiation is envelope and seal
fractures, caused by the use of borosilicate
glass./57,67,63/

Capacilors. Mica, glars and ceramic capa-
citors sulfer little damage when exposed to ra-
diation doses of 1018 nvt, However, plastic
electrolyti~, and oil .illed or oil lmpreg'nateci
caach. o5 are extremely susceptible Lo radia-
tion. Many organic materials evolve gases un-
der radiation, and this gas may rupturc the ca-
pacitor vase, Generaily, non-~organic capacitors
function satisfactorily, and capacitanceisonly-
elightly docreased under nuclear irradiztion.
/51,62,63,64/ -

Resistaors, Certain resistors change resist-
ancce values during or after irradiation, hut
most of the wire-wound and carben types sulfer
little damage. Resistors, in gencral, function
satisfactorily aflterdosesof 104% nvt, with wire-
wound resicwrs being least alfected, Wire-
wound resiciors show o decrease of about 5
perecent in their resistance values, while car-
bon-tvpe res:sinrs may change in value by ap-
proximately 15 rercent after exposure to radia-
tion. 37,62,63,64/

Insilators. Insulators decrease in insulation
resistance during and after exposure to nuclear
radiatinn. However, polyethylene insulators,
even affer exposure to 1019 nvt, show very good
insulation resostunee, Insulation resistance for
most insulators decreases uniformly with ex-
posur: time to between 5000 and 500,000 ohms.
Insulator breakdown voltage may be reduced by
a’actor of 5 due tn nuclear radiation, Hnwever;
the voltape breakdown value mayv return to near
its orizma! value afier removal of the applied
voltay o, 62,347

Sexts, Gastets and Sealants./65,66/ Most
elasi uTs, and a number of plastic materials,
have been used! as seals, gaskets and sealants,
Thereasno clustomer or plastic sealing mater-
iel s adable at present that has radiation sta-
Lilaty dbove 2 1012 eres/pm, Bowever, sev-
cral muternials may function properly and could
hoid 4 vocvum at lower radiation dosages. The
cffecis of radhiation on various clastomers and
phistros used ior seals, gaskets and sealanis
have beoen discussed previously under "Elag-
tome e and Plastic Materials,”

Hewes and_Couplines, “67/ Relatively little
info:ratoon i~ avalabie on the effects of nuclear
radiven on hoses and coupiings, particularly
onthesclrforcmic materials used in hose man-
ufactare,  However, standard aircrait hoses
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"'Flg. 3-36, Radiation damage to lubrica'e./68/

" and couplings contain organic polymeric niwer-

fals, and the eftect of nuclear rzdiation on these

~-materials {s known. For examp.e, Buna N, a

solvent-resistant synthelic rubber, and Teflon,
a temperature-resistont plastic, are materials
Buna N {8 much more radiation
resistant than Teflon, It will leak at an expo-
sure dosage of 4 x 108 ergs/gm, coripared with

1 x 10% ergs/gm for Teflon,

Lubricants are generally not

a.(!ectes ﬁtei’ exposure to nuclear radiation cf

2 x 109 ergs/gm. Above thiz dosage and up 1o

“approximately 1 x 1010 ergs/gm, they still have
gead lubricating properties, but impurities such

. a8 sludres are formed. In addition, gases that
in some cases mnay contain halogens, which are
corroglve, are evolved,

Aromatic ethers, alkylated aromatic ethers

“and alkyl aromatics are less affected by radia-

tion. The polyphenyl ethers are not affected up
~to a dosage of 1.8 x 1011 ergs/gm, However,
most organic compounds and all conventional
lubricants show extensivephysical changes after
radiationdosages of 1010 to 1011 ergs/ym. Fi-
gure 3-36 shows the ganim? dosages necessary
to causc minor and extensive damage to lubric-
ants, Minor damage occurs when impuritias
are formed, but the compound still has good lu-
bricating properties and with proper fiitcring
its usgeful life is not markediy affected, Exten-
ailve damage to a lubricant denotes that it hus
become a goor lubricant, /65,68,69/ The ra-
diation stability of gas-turbine lubricants are
listed in Table 3-21, Figure 3-37 shows the
radiation stabllity of various organic liquids.

Greases. Greases differ from other types of
lubricants in that they rely on the formation of
a giel structure by the interaction of the base
fluld and high melting thickener, On exposure
to radiation, this gel structure breaks down, re-
gulting in a soupy product. On further irradiat-
ion the material hardens to a rubber-like subs-
tance., This 18 attributed to the polymerization
of the base flvid overriding the gel destruction.
It is estimated that conventional greases will
havepoor operational properties aiter cxposure

3-37
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Table 3-21. Radiation Stability of Gaa-Turbine Luhricants ‘i t
' ‘f; Approximate radiation lmit for o ¢ W
v moderate changa (erga/gm(Q) i
.3 T . )j" .
¥ é; Approximate useful Oxidation Relative lubricity S ; N
&3 tesnperature range () Lubricants Viscosity resistance (4-ball woar test) 3 ;
X Jf : 7 Commercially availabla §a :&!
X ! -65 ty 350 Polyalkylene glyccis - - Falr - §~ S
I, ; Esiers sx10® | <«x1® Good 'f‘f'?{ ;:%
= Siltcons, chiorinated <5 x 107 <5 x 109 Fair ’ i _‘
- B A
. ‘ Mineral ofls 5 x 1010 1 x 10° Very good A t’i
- . 11 9 R
-I» 4 -5y ty 100 Trimethylol propane 5x 10 <1x10 Good 4 b-J
o i' Experimontal materials
. x 65 to 500 Super reflined minaral ofls 5x 1010 1x 1(.?10 Very good
o .
- ? Silancs 1x 100 >1x 1010 Fair
- Alkyi aromatics 5 x 1010 <1 x 1010 Good
) 4 11 10
roos 0 to sty Polyphenyl ethers 1x10 65x 10 Good )
»> ‘J
. 7y
C Hydraulic Fluids., Hydraalic fluids lased on =
P disolaxane or silicone ester base fluids are re- [ -
L latively fected by gamma dosages approaci- . ‘i .
- ing 1 x 1010 ergs/gm. It is estimated that thex Yo
- will function satisfactorily as high as 5 x 101 AP
o 0 ergs/gm. Petroleum based fluids show exces- { o
P 5 sive viscosity decrease as low as 5 x 10% ergs/ SL o
. 2 gm. This i8 attributed to degradation of the .. .} ..
-, o polymeric viscosity improver. Alkyldiphenyl Lople
I ; € ethers and alkybiphenyl base hydraulic flui My

‘ Fiot are expected to be usable in the range of 5 x I v
o © , 1010 to 1 x 1011 ergs/gm. Use of the meta- nty fp
N 5 2 B.C-50% %, _ linked unsubstituted polyphenyl ethers in hy- oo
. ¢ e “draulic systems 1s expected o provide satis- R
[+ > PMNSORE AN factory use to as high as 2 x 1011 ergs/gm, LR
L ! Darta £AOF Oxido- Uy -.They are particularly desirable in that they B
- fon Seabinty N ne no additives and no viscosity-index im- b
P (Doz, Rote ingepens | € provers to enhance thelr characteristics, Pos- T
. eacr Assymed) ~-Bilble radiation-resistant hydraulic fluids are B
- listed in Table 3-23. Estimated dose limitations s
t - | I . _ in the use of various hydraulic fiuids are shown P
. Y i A 2 in Fig. 3-38. Lo
. 1 10 10 £
E Geose Rote, ergs/gm(Cl/hr — Hydrocarbon Fuels. In general, aromatic Iz
b {van De Graaff Source) hydrocarbon fuela are usually less damaged by ;-
< radiation than saturated hydrocarbon [aels, - ?';i' .
- Fiz, 3-37. Radiation stability of organic liquids, ~ ~~Alsopre-irradiated hydrocarbon fuels react dif- AR
[ ferently to radiation than unirradiated hydro- RS
- 10 carbons. However, dehydrogenation, polymer- .

to 1 x 169 eres/em, Newer greases, such as “‘ization and degradation occur in varying de- L
- the indanthrenc-thickened polyphenyl ether grees inall hydrocarbonfueis exposed to nuclear -
o, based type, arve expeclaed to be usallnlc at radia- _ radiation. The following physical and chemical oy

: tion CXPOSUICS as hlg:h_ as 1 X 10 ergs/gm. “changes are produced in hydrocarbon fuels: {

i Possible radiation-resistant aircraft greases /'10/ )
" arelicted in Table 3-22. Estimated dose limit- ' g
X ations in the use of various greases are shown 1. The hydrogen contcnt decreases with in- e
S in ks, 3-3R, creasing dosage. Al a dosage of 1 x 100 ¢rys/ 1w
< _ oo
< 3-2 N B

3 |
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o
o
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1able 2-22. Possible Radiation-Reasistant Aircraft Greares

) ' ( Grease composition
- Approdmite uheful ~ Approximate exposure
. tempersmre range (F) Fluig Thi-kener tolerance (ergs/gm(C))
20 to 500 Polyphenyl ether “Indanthrene blee RS ax 101t
-4J to 400 Methylpheny! silicone ~Copper phthalocyanine 2x 1011
-40 to 350 Octadecyl byphenyl Sodium terephthalamate 7x 1010
- Mecthyphenyl silicone Aryl urea >1011
t . N -
. Table 3-23, Possible Radiation-Resistant Hydraulic. Fluids
Approximate useful Fluld composition Approximate exposure Usw-lmiting
temiperiture range (F) Base Additives 1 tolerance (ergs/gm{C)) characteristica
-65 to 250 Petroleum - 1 x 1010 Poor high-temperature
1 - properties
-05 to 420 Disoloxane Alkyl diphenyl 5x 1010 -
-G53 to 400 Silicate ester - 2x 1010 Does not meet
(05-45) MIL-H-t'446
¢ -15 to 300 Alkyl diphenyl | Poiybutene ]~ 1x 101l Poor low-temperature
cther B propertics
0 to 6Q0 Polyphenyl - 1x 1011 Poor low-temporatirse
ether properties
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Fir. 3-24. FExtimated dose limitations in use of,
varius greases and hydrauhic fluids,

1 ore iea dngs of about 0,05 percent hydro-
g en,

2. Abaut 8 to 9 percent loss of volume will
occur ab a dste of 9 x 1010 ergs/em.

3. There is no change in the andine point up
to - tese of 2.6 x 1010 ergs,/em. The aniline
poirt sall, however,increase shghtly above 9 x
1010 covs g,

4, There is no Hl!mﬂi(‘ﬂ}}[ cnange in the heat
of cambuastion up ) 9 x 107 erps/gpm. A slight

decreasa will occur above a dosage of 8 x 1010
orgs. em,

5. Viscosity increases with jncreasing ra-
diation dosages.

6. Density and refractive index increase
with increasing radiation dosages. .

ZERO GRAVITY

An object experiences a zero-gravity envi-
ronment, cr weightlessness, when:

1. It fallg to Earth in a vacuum, in which

case the weipght of the object is equal’to the ac-
celerative force acting on i,

2. It rotatezs around the Earth with itg total
radial acceleration equal ard opposite to the
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acceleration caused by gravitational attraction ot
between It and the Earth,
The above definitions apply not only to the =
Earth, but to the Sun, the planets and the larger L 4
natvrral satellites in {he Solar System, P
(o

Experimental information concerning zero- :“_;-:‘
gravity and its effects is very limited due to the T
difficulty of simulating the condition. The pres- e
ent approach to achileving a zero-gravity envi- e
ronment for testing has bcen to use aivcraft fly- t
ing in an arc In a vertical plane, The duration _.;
of weightlessness achieved in this manner, how- vy
ever, 8 short compared to that experienced hy R
ballistic missiles and satellites, This is shown L
in Table 3-24, >
&0

!
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Table 3-24.

Characterlatics of Flight Trajectory w Produce Weightlessnoss of

Maximum Duration for Verious Vehicles *

f Veloeity at entry cr Helght of Duration of
muximum epend after trajectory Angle of climb welghtlessnoes
Vehicle burnout (rai/hr) (mi) (deg) (mdn)
T-ren 370 ¢.49 65 ) 0.;7
}-L1C 450 1 521/2 0.6
F-100F {madific 1) 650 4 75 1/2 1
K-13 4200 80 85 5
Pedstone 3400 150 6
(Roct glide venicles) 10,000 200 10
Jupiter 10,3¢0 >600 11
Biasatellites 18,000 >600 Infinite
1

* The figures given In this table are approximations only.

The most serious aspect of a zero-gravity
cnyironraent wall pribably be its eifect on hu-
moans. Thas i covered later in the handbook,
Soue probable eifeets of zero gravity on equip-
et qreoas {allows: /71

1. Sprincs tensed by a mass will assume
now  ognlibimm positions, and so mechanical
devices dopmmding on springs will have changed
charocternstics,

2. Gessbhabbleswill not rise in liquids in spiie
of density ditterences, Also, gas bubbies ge-
neratod in hatteries will omain in contact with
theplat2s ond 1] contaminate surfaces, result-
ins in deterioratine of electromechanical action

devices will malfunctinn.
s, for example, will not function due
to Loe atsonce of weight in the indicating fluld,

3. Laauid level
e ]

Sadnrn

4. Thero wli be no conveclive movement of
air due o Giermad density gradients, This lnck
o convective heat transfer will cause serious

protloes s Lie heating and eooling of equip-
Lisent,

. 0n oeenerad, equipment that will not func-
e properdyon an inverted position on Earth
vuey v albmetemin a vero-pras ity enavironment,

Ot ar commpment areas in which unique situa-
tions may cocur due to zero gravity are lubric-
ation, bearing boads and material stresses,

COPAUNICATIONS INTERFERENCE

Sty
I

speaking, Cohmmunications interfer-
15 an operational effect of other envliron-

J-40

ments, However, becauvse of its unique nature
it will be covered geparately,

Interference can k¢ defined s any elecztro-

macnotie
macnetic

effect on electrical or ziectronic equipr =at. It
can affect equipmeni ranging from simple relay
-- control circults to complex radar and navigation
systems. Communications inlerference can be
either man-made or natural. Man-made inter-

" ference results from interaction between sig-
nals fromdifferent circuits or equipmente, Na=-
_.tural interference {8 caused by things such as
:}tmgspherlc electricity and magnetic storms,
35,

[ A2 P 8 -0 4 L0024 anner s meaT 2220A0

R Man- " [ade Int.erfe;;ence

Man-made in‘erierence may be divided into
__the three following types:

1. Continuous~wave interference, which usu-
. ailly emanates irom transmitters and receiver
local oscillators,

-~ 2. Pulsed continuous-wave interference ge-
nerated by equipments or circuits that operate
in a pulsed mode, such as radars, beacon sets
and pulse-type jamraing equipments.

—™ 3. Broadband interference, which generally
_origwnates either in equipments where arcing
Ttakes place, such as d-c motors and generalors,
or in equipments containing relays, vibrators
~or gas fllled tubes. The Interfering slgnals are
random, narrow-pulse voltages that contain a
broad band of frequencies,

The effects of man-made interference may
range from sporadic noise that is only annoying,
to complete equipment tnoperabiltty./35/
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Nztural fnterference

A'mospheric  Effects, - Atmospheric noise
miy cause serjous (nterference with commu-
nicatiors, The highest ncise levels are due to
gcattering of radio frequency waves by tne at-
mosphere. This occurs mostly over land in tha
tronical regions. Atmospheric electriclty, con-
risting of hoth static electricity and lightning,
can a'-5 oSfect communications. Static pre-
cipitation, especially in the lower frequency
ranpes, may olock radio signals and cause co-
rona and electrical arcover. Lighining will
block communications and may also damage an-
ternna cquitpment./72,73/

Tonosphere Effects and Cosmic Noise. The
hich elc~iron denzsties within the [onosphere
cause reflection of radio signals at lower fre-
quencies as well as radar refraction errors,
Durinc pericds of great solar activity, such as
sunspots and aurorae, the lonosphere rises and
irterference withcommunicationsbecomes mere
pronounced,

The aurorac are sources of opticzl and radlo
wavelength interference. They occur mainly In
northern znd southern latitudes and are directly
related to sunspal activity., At medium and
hich radin requencies, aurorae cause complete
blackout, vhick may last Ior several days. At
inw ireyaencies, the eficct is notl as serious. At
very-hien and ultra-high frequencies, reflect-
ions or brckscatter may occur, In acfdltion, 4an
arroracauses absorption over a wide frequency
ran:ge, r.osulting in attenuation of signals intend-
o 1o pass through the jonosphere. Electron
densitics within aurorae may exceed 168 per
cubic cenuimeter. The bigh electron density
refracts sicnals, causing angle and range er-
rrs, 72,73,74,75/

HYPEP P NVIRONMENT 3/76/

Hyper environments may be defined as those
matural environments existing above an altitude
1 75,200 feet, ond those induced environments
Coeeelonad by vehicles  capable of operasting
abave os altitude, The following is a 1list of
Lyver envionments:

.‘.:':nvn_.rlll Hyper Environents

Noutpal pses
Inusocinted pases
I'nized raseg and free clectrons

Quone

Pxtieme low prossure and density .-

Thermal extromeg

I lectr smarnetic radiation

Atomlc}&artlcie radlations
Meteorites and mic:ometeorites
Magnetic {ields \
Grnvltyq-

Induced-Hyper Environments

Accelnr_auon

Acoustic excitation

Mechanical shock and vibration
Extremely high and low temperatures
Thermal shock

Ionization

Explosive decompresasion

Nuclear radiation

Magnetic ficlds

Zero gravity

The hyper environments encountersd by var-’ '

ious types of flight vehicles, as well a8 the se-

quencc i which they are encountered, are co-’

vered inthe "Flight Paths' saction of (fhapter 2.

The effects of the hyper environments, to the -
extent that they are presentiy krown, have been

covered previously in this chaptey.

EXOTIC ENVIRONMENTS

Exotic environments are those environments
that are strange or foreign to the Earth and are
based primarily on the findings of astronomers
andastrophysicists. Theveryfact thal these ex-
otic environments are stran&;’e means that very
little is known aboui them. While the American
and Russian satelliteg and Moon probes have ad-
ded to the knowledge of what may be found in
space, much is still in the realm of speculation,

hereislittle doubt that there are environments
in space that are presently boyond osur compre-
hension and imagination,

The full effects of radiation belts and mag-
uetic fields arvund the Earth and cther planets
are merely conjecture. Intorplanetary gas and

meteorite dust clouds are known to exist :a

space, Int exactly what will happen wuen a ve-
hiclepasses through such an environment is not
completely known, Other planets undoubtcdly
have atmospheres which arc deadly to man,
Such atmospheres may also attack the surface
of a space ship, with the pogsibllity of croding,
dissolving or even disintegrating the meluls
that are now in uge on Earth. The composition
and characteristice of thr Lunar surface, as
well as other planetary surlaces, are also mat-
ters of speculation at the present tlme. Man
will experience the strange environment of 8i-
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lence after landing on a planet that has little, if
an{, atmosphere, slace the lack of wind and life
will result in the absence of sound, The human
consciousness may experience a sense of fore-
bodiny, desolacion and cericness that will cause
disorientation. Tue same effect will be present
in orbiting vehicles that do not have equipment
producing some nolse, Rooms, called anecholc
chambers, are made to simulate the condition of
no souna, Wenie this enamber it i8 possible to
hear th:- sound of one's cwn heart beating and
the blooad circulating through the veins, After a
few minutes in such a chamber there I8 u feel-
ing of oppression and the silence seems to have
weight. Some subjects lose their balance, then
expericice nausea arnd vertigo, and finally are
seized by anirresistible irnpulse to escape from
the chamber.

Exotic cnvironments may be encountered in
a direction perpendicular to the plane of the
Solar System, The Solar System is disk shaped,
and while the olancts do unt lie in the same
plane, the diameter of the Solar System is con-
siderably grcater than its thickness. snviron-
ment; perpendicular to the diameter may be
fantastically aifterent than those that exist in
the approsimate planc of the solar system,

Ancther unknown environment that has been
the subjecl of considerable theorizing is the ef-
feel unoa obindt w3 its specd approaches that
of light. There is conjecture that as livin
things move closer and closer to the speed o
light, they will aze less as compared to living
thinrs on Eaath, -

The exotic environments must be probed and
catalored, and thedr ultimate effects fully under-
stoed belore gpace travel, especially manned,
can breyme a safe reality. The environment,
engincer wiil L.ane the preatest contribution

High —
BN

Te g arature
A

Low
Temperature

Rse n Volu

I

Snow

. Ll 1 A -
1 ) 20 ) 30 60 90
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Freo 3-349, Lantudinal disiribution of environ-
meoentad stremes,
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«wward conquering space when the effects of
thene and other presently unknown environments
are successfully evercome.

COMBINED ENVIRONMENTS

The prior parts of this chapter consider the
environraenta and their effects as occurring one
at a time, This format was chosen, first, to
facilitate the prusentetion of data, and second,
because most of the information available to
date {8 on single environments, Very little data
exist on effects of the various combinations of
environments that ray be encountered in actual
use, Much more research is needed in this
area. ,

In uze, a sysiem will never encountnr any
Bingle envircnment by itself, Howeve:, even
though combinations of enviroumenta are en-
couniered, the extremes of environments gener-
ally occur singly, and It is the oxtremes that
-are most lmportant, An cextreme of one envi-
ronment may intensify the effects of another
_environment, or In_some cases, one environment
may tend to neutralize the efiects of another,

. Although a glven extreme of one natural en-
vironment {8 nok oftern encountered with that of
another, several extremmes of induced envirun-
~ments may be encountered simultaneously, and
combinations of naiurai and indiced environ-
_ments always exist together.

\

_Combined Natural Envisonments/77/

A list of the natural environments is given
-dn Table 3-1 at the beginning of this chapter,
No one of these natural environments will ever
occur by itself, Temperature, humidity and
~pressureare always present in the atmosphere,
and each alters and i altered by the others.
This varying combination, including the other
natural environmentis, produces what i known
ay weather, Changes in weather from timae to
time and place to place result from the varia-
tions in Sﬂanuty, intensity and distribution of
the individual natural environnments,

. Disgtribution of Extremes. The exlremea of
the individual environments aie covered in
Chapter 2. These extremes can be combined
on a graph, as shown in Fig. 3-39, to lllustrate
how they might vary in relation to latitude. Fi-
gure 3-39 refers only to the Earth’s surtace,
The distribution of extremes for various plti-
tudcs at thiese different latitudes is shown in
Flﬁ' 3-40. It should be noted that Fig. 3-30 and
3-40 are estimated and are not baged on actual
data. Ir addition, Fig. 3-39 and 3-40 show only
how individual extremes vary, and since the ex-
tremes varoay occur together, thege two Hlustra-
tions do nol indicate realistic combinativng of
natural environments. The natural combinations
to be expected can only be analyzed through an
understanding of the many complex factors that
determine the combination,
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inbinstion Factgr., The complexity of com-
bln% nutur‘.% environments can he explained by
considering how one element is varled, For
example, Lemp erature is controlied by Incoming
golar radiation, which is a function of latitude
and time, Put the amount of radiation reaching
the groundis repulated in part by the cloud cov-
¢r and the amount of water vapor in the atmos-
phere, ! el also help determine how much of
the reradiated neat i8 retained in the atmos-
phere, Combining to further modify the tem-
perature arc the large and small scale move-
ments of the air, both horizontal and vertical,
and topographical characteristics, including the
nature of the surface, elevati,n, and the proxi-
mity of bodies of water, Also, a change in tem-
perature may sct up temperature differences
that create prossure gradieniz, which, through
the reswlting air movement, alter the temper-
ature again,

A lesg direct example of interactirg natural
envirouments is the evaporation-condensation-
precipitation c¢yeles.  Evaporation ts directly
proportional to temperature and air movement,
Worm air can Lold more water vapor; winds
constantly replace the air adjacent to the water
with drier air; 2nd turbulent motion transports
the waler vapor upward, One result of the
cvaporation process is the ceoling of the sur-
face Juyer of air, This causes heating of the
air aloti, since the heat lost at the surface is
regained wacn condensation takes place, Sur-
face and atmospberic temperatures are agaln
moditied when procipitation occurs, This hy-
drological acticn, which is abetted by air mo-
tions stomming o temperature changes, pro-
duces furtiier temperature changes.

The most important force in natural environ-
ment is solar radiation. T "determines  the
temperature of and, water and air; fixes, in
general, the amcount of cvaporation and its
counterp .1, condensation coatrols the winds
and reelotes inowroater or less degrere every
other weator ment," /78/

Inhicrent prowordes of the a =« such as tem-
peratur &, husirddity, and pressuce, cecur in all
eombin tiens and therefore must be congidered
with rvory extreme, Temperature is closely
binbed -sitn eolar cadiation. In addition to its
mfiver-e on lasgs and small scale weather pat-
teens, 1ts effocw, are felt directly as a principal
clement in combanations. Humiuily, or water
vapor, biovery o incoonctant, Water vapor variey
m aryust froen place to place and time to time
from 1-arly 7ero to about five percent by vol-
ute of the totud at'nosphicre. This variability
15 tnpornatt inais direcUinimediate effects and
s potential for influendcing other elements,
The arnout of water vapor in a given mass of
ar s a4 measure of the atmosphere’s capacity
tor procipetation, Its absorptive effects on ter-
restrial va diation reculate heat loss and thereby
affert temperature, Water vapor represents
Latent cnerey staed in the atmosphere for the
origicand vrowth of storms, /1/  Precipitation
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Fig. 3-40, Semi-spatial distribution of enyiron-
mental extromes.

(liguld, freezingorfrozen) 18 a primary element
by many deteriorative combingztlons Lecause of
the lmmediacy and magntiude of {18 effect,

How an enviroument varies and how it is
measuredarce Indicatione of its comblining forrm,
Amount, frequency, rate, force anc weight are
varir;univ used to describe envivonxent hulen-
sity., Some environments can be exprosred aB
lincar guantities (preseure, temperxature, hu-
mlidity); for others, the rate of occurrence is
signiiicant (rain, ireezing raan, snow); 2 few are
cornmoniy obgervedonly ag u fact ¢f occurrence
(lightning, tornado, blowing snow). The coimn-
plexity of combined {nterrelationships may be
sesn by the fact that the value of one element
may indicate the presonce or the intensity of
another. Hajlindicatesturhulence aloff, Freez-
Ing rain reveals the presence of warmer over-
runing air. Restricted visibility may reflect the
rate of ralniull, the intensity of fog, or the se-
verity of blowing sand, dust or snow.

of their
gome ele.
ments are likely to occur simultaneously, Ex-
amples Include:  humidily and raln; pressure
gradient and windg; wind and blowlag dust, sand
or gnow; solar radiation and temperature; anr
wind speced and wind shear. Inmnost cumbina-
tions, however, the exiremesn of one element do
not occur together with the exlremes of ancther.
For this reéasonit l8 hecessary to cousider var-
fous combinations thal include something less
than the extremes of some elements, Onc ap-

roach i8 to agsign an extrere value to one, the
Righcm value of the sccond, whichever gecurs
naturally with the first, the fulghcﬂt value of the
third concurring with the assigned intensities
of the first two, etc., in the descending order of
extremes. Assignnient of the absolule world-
wide extremes may result in as few as one set
of values in each case. In praclice, therefore,
the first asgslgned value must be arbitrarily re~
duced (e.g., to 95% probability), The number of
possible combinations depends upon the number
of clements coexisting ac shown on Table 3-25.,

Because

exiramos of

Possible Combinations,

intorincl inr natnraa
MerinCuiny nDalures

J3-43

R e T

N AN

Cee g
e PRI

AL

S st ary

%
e

e T

P2l

F

>

=

~

P e ou- T2 4
P e o

-

s

oLt TS

T

TN T DY)

-

-
-

-~

-
.
-




- et s e w0 R
A el ot e ean -

o — "

Table 3-25. Poegible Combinations /77/

=

Lepation: x - n(n-1)(n-2){0=3).....[n-(n-1)) = n!
Nomber of Number of
varfables (n) combinatione (x)
1 1
= 2
3 8
4 24
5 - 120
G _ 720
7 5,040
8 " 40,320
9 - 362,880
L 160 3,628,800
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Iy 41, ‘Temperatures at which varfousother
VL L ocnent s acoeur,

Prom the table it cap be gcen that such a
procedupe crodneds tog 1arire a nainber of com-
binations,  And actually, these are only a small
portion of the posgible combinations; omitted
are all the arrancements in which no ene ele-
tient approaches the extreme, many of which
st oonstiinte extreme total environments,

In nature, althourh  (ndividual clements do
recaran hile intensity, the totad weather {8 nev-
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er repeated, This 18 evidence of the vast num-
ber of possible combinations of the elements,
which together shape the weather, Therefore,
it is necessary to consider ihe more practical

combinations rather than the many poasible
ones,

Practic combinations. One element that
mus taken account in all combirations
gince it {8 prusent in all environments is tem-
perature, Weather-wide, everything transpires
within a range ol teniperatures; therefore, it is
probablywise to. use temperature as a basis for
determining useful combination data. A one-to-
one comparisonaf temperature with every other
element inturn i8 a necessary step toward mul-
tiple combination analysis. Figure 3-41 illus -
tratee how such an analysis may be rresented.
Teemperature laplotted against the other natural
environments, The scales of the othier enviien.

.. ments can be of intensity, amount or ireyushcy

of occurrence. The curves shown in Fig, 3-41
are hypothetical examples, and may not be indi~
cattve of actual relationships. More work is

aeeded in this area to determine actual condi~
ong.

From the completed analysis, extension may
be made to include a third element, For exam-
ple, the probabillty of rain occurring simulix-
neously with given conditions of temperature
andwind gpeed may be dateriuined siatistically.
Within the limiting profile of Fig. 3-41, lines ol
equal probabllity may then be drawn.

Another point to consider in deterinining

-~ practical combinations is that an cxtrowme en-

vironment may be one that is likely to occur in
any of several geographical areas, or it n:ay be
pecullarly associated with a cartaln locality, A
hot-dry-windy-dusty environment approachin

extremne proportions may be found over sever

relatively large areas. A combination of salt
spray and smog, on the other hand, is more
characteristically adapted to local peculiarities
of terrain and relation tc the gea snd pollitio

adilab AV EL

gources, under jdeal conditions of wind direct-

fon and speed, solar radiation and lapse rate,

The inclurion of environments that are golely
the preauct of loval influences may tend
to confuse the relationships that normally exist
among elements in combiration. Gn thc other
hand, wind that through oddilies of terrain is
funneled into a region of very cold air may also
create and environment that lies outside the
ideal low temperature~-wind curve, This type of
exceptional extreme should be retained in any
extreme environmental study.

To analyze the practical combinations of
environmenis, it s best tn examine environ-
mental palrs, Then, any one of a palr can be
pairedoff with another, and this process repcat-
ed to determine various strings of possible
combinations, When making a practical anal-
ysis of a palr of environments, it {8 necessary
to determine: {1) whether the two ever appear
simultaneously, (2) whether one tends to Inten-
sy or weaken the other, and (3) whether they
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are more damaging jointly or sequentially, Thig
type of analysis i8 shown in Talle 3~26 for all

dual environments, including natural, induced,
and hyper environments,

Combined Induced Environments

-3

list of ti¢ Induced environments ig given
in Tabi. %-Z at the bpeginning of this chapter,
Lilke the natural environments, no one of thege
induced environments will probably occur by it-
self. Unlike the natural environments, however,
the occurreace of the individaal induced envi-
roprents are not too dependent on one another.
To date, the interrelationzhips between the in-
duced environments are not exactly understood,
although jt iz prokable that their effects on each

rthm arc as great as 3 the case with the com-
bined natural environments,

The many combinations of induced enviion-
ments that may exist depend mostly on the type
of equipment being considered, its function, and
the various possible missions of the weapons
system. Since there are many types of equip-
ment and many varied missions, the possible
cembinations would have to be determined on
an indivigual aralysis hasis. When such an
analysis 1s made, though, it is more advisable
to determine the naturai-induced combinations,

An analysis of induced environmental palrs is
incleded v Table 3-26.

Netyral anid Induced Combinations

The provlem of examining the combination
of both naturzl and induced environments is 2
complex one, since two interrelated complex
relationships are involved., Too few studies
tave been made in the area to determine
the fuctors 1o be cunsidered. One study /79/,
whith o ooently been completed, recommends

that only the Ictlowing environmental pairsbe
cronsidered, since other possibie patrs +1) do

not intensily effects, (2) neutralize one another .
or, {(3) cannot vecur 1n combination,

Hi b temperature and humidity. o
High tenwperature and free moisture,
iligh tenperature and low pressure,
i czmperature and salt spray.
igh tonperaiure and solar radiation,
Hich temperature and sand and dust,
High temperature and vibration.,

High t-mperature and shock, o

High tomperature and acceleration,

Low temperature and bumidity, -

Low tamperature and free molsgture, =

SRR 3 Sy A s e
YA, T, 4

Low temperature and low pressure,
Low temperature sud sand and dust.
Low temperatire and vibration,

Low tenperature and shock,

Humidity and low pressure,
Humidity and solar radiation,
Humidity and vibration,
Humidity and ozone.

Low pressure and vibration,

Low pressure end explosive atinosphere,

Solar radiation and sand and dust,
Solar radiation and vibration,
Solar radiation and nzone,

Sand and dust and vibration.

Vibration and acceleration,

A complete analysis of combined natural

gngs induced environments 1s shown in Tabie

Environmental Analysis

Each weapone system must uve anglyzed to
determine the pogsible ranges and combinations

oi environments that may b¢ encountered during

operational 1ife, All phases of the mission pro- ..

file must be consldered, such as:

1. Transporiation and haudling.
2. Storage.

3. G&;w;d handling (pre-launch or pre-take
off).

4, Launch or takeoff,
5. Flipht,

8. Reentry or descent,

Detailed information ua how an environment-

al analysis is carried oul is presented in Chap-
ter 4,

Transportation and Handling, In the initlal
stages ol transporiallon and handling, equip-
racnis arc usually kept in temperate chmates.
The principal epvironments they encounter are
shiock, low temperature, moisture, temperature-
condensation, solar radlation and possibly gand,
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Table 3-26. Qualitative Relationships of Combined Envitonments
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and dust. Ordinarlly, because of puackaging
most of these environments are negated and
shock due to bandlirg is the only one considered
to be gerivus. However, encounters could in-
clude shock in varying combinations with (not
all siinultaneously) molisture, solar radiation,
temperature-condensation, sand and dust, low
tcaperatere and high temperature,

As equipment moves on the surface through
various areas and climates, typical cownbina-
tions likely to be encountered are chock and
salt spray; high temperature and salt air; high
{emperature, solar radiation, and shock; low
temperature and shock; and moisture and shock.

When equipinene {5 traneported by alr, the
cortineuenvironnments encountered will gener-
ally be the same as these encountered in {light
operations,

Storage. Combinatinns of environmental ex-
trémes are rarcly enconntered during storage,
Those environmernts met include high tercper-
ature, low temperature, furigus, humidity, tem-
perature-condensation, and, depending upon the
type of storage, rzin, hlowingz snow, salt-spray,
sclar rudiation, sand and dust, _and possibly
shock.

In a very brozd sense, these cnvironmental
extremes could be encounlered in combinations,
such as: low temperatlure and blowing snow;
high temperaturs and solar radiation; humidity
5nd funyus; and hiph temperature and sand and

ust, B

As in transportation, shock due to handling
to and ‘rur storage could occur in combination
with any of the other combined or single envi-
ronments,

Ground FHlandbineg, During ground handling,
whicn e ludes “Uie pre-launch or nre-takeoff
phasce of U.¢cmiasionprofile, (light vehicles may
be exparedto combimed environmental extremes
such as (1) low temperature, blowing snow, and
shockand vibratton; (2) high temperatuire, solar
radiation, andshock and vibration; (3) higfl tem-
porature, sand and dust or rain, and shock and
vibration;  and (4) temprrature-condensation
and shock and vibration,

Operaticn,  During aclual system operation
which anclades the launch of takeoff, flight, ami
recrtey or descent portions of the mission pro-
file, ol velacele experiences the most com-
plex aad severe combinations of environments,
This s due primarily to the fact that during
operation many of the induced environments
exisl, in some depree, continuously. A typleal
example cfenvhiomoental combination occurring
durm: the pround bandling and operation phases
of a mission profile are shown in Fig, 3-42, A
detaileddiscussion of the environments encoun-
tered dunine launch, flipht and reentry is glven
in Yie "Fhieht aths' section of Chapler 2,

Combined Euvironmental Effects/798/

The following paragraphs discusa the effects
of various environmental pairs. The coverage
doer not repeat the effects of each environment,
butdiscusses only how the combiuation may in-
tenslfy, neutralize, or add nothing to the indi-
vidual effects. Many combinations noy consider-
ed significant are excluded,

High Temperature and Humldity. High tem-
peraiure fen'aﬁ to Increase the ra.'t:e of molisture
penetration. The general deterioration effecis
of humidity are increased by high temperatures,

High Temperatvre and Low Pressure. Fach
of these environmentsis aepen ent on the ower,

For example, as pressure decreases, nnrzas-
sing of constituents of materials incroases,
and ag temperature Increases, the rate of outgas-
slng increases. Hence, each tends to intensify
the effects of the other,

Hl%h Temgerature and Salt §p}ray. High tem-
perature tends to increase the rate of corrosion

caused by sait apray.

.. High Temperzture and Solar Radiation. This
is a naiursl combination that causes increasing
effects on organic materials.

High Temperature and Fungus. A certain
degree of high temperature 15 necessary to per-
mit fungus and microorganisms to grow. But,
above 160 F (71 C) fungus and microorganisms
cannot develop. ~

~High Temperature and Sand and Dust, The
erosionrate of sand and dust may be accelerat-
edby hightemperature., However, high temper-
atures reduce sand and dust penelratlon.

“"High Temperature and Shock and Vibration.
Since both of these environments allect cominon
Jmaterlal properties, they will Intensify each
other’'s effects. The amount that the effects are
intensified depends on the magnitude of each
en-ironment in the combipation. Plastics and
polymers are more susceptible to this combi-
nation than metaig, unless extremely high tem-
peraturns are mvoived.

High Temperature and Acceleration. This
combination produces the same offecl as hig:.
temperature and shock and vibration,

High Temperature and Exnloslve Almos-

here, Temperature has very llflle elfect on
Bie Ignition of an explosive atinoaphere. But it
does affect the air-vapor ratio which s an -
portant consideration.

High Temperature and Ozone, Starting at
about 300 F (150 C), temperature starts to re-
duce ozone. Above about 520 F (270 C), ozone
cannot exist at pressures normally encountered.

3-47
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Combined environments encountered during ground handling and operation phases of

wpical mission peofile./80/ (Courtesy of Bell Aircraft Corp.)

temuperature is low chough, frost or ice.
Yooy _Teionorature and Low Pressuie,

COmMINgOn

cols ot

ow Tevrswrature and Humidity, Humidity
do(reusrs widh Temperature; but iow temper-
arireinduces moisture condensation, and, if the

Low Temperature and Acceleration, This
combination produces the same eifect as low
temperature and shock and vibration,

Low Temperature and Explosive Atmosphere.

Thiy Temperalure has very litile etiect on the igni-
can accclerate Ieukage  through

tion of an explosive atmosphere, It does, how-
ever, affecl the air-vapor ratio which i an k-
portant constderatlion,

1. _Tenporature and Salt Spray. Low tem-

oo ire poduces the corrosion rate of salt

sPTay,

Vo Tenaperoture and Solar Radiation. Low
tor o ratar will Tend 'to reduce (he cllects of

sovLr rodinen, and vice verso,

Lova Temperature and Saed_and Dust,

t 5 rature mcereases Just penetration,

| o Teowepature and Funjus, Low temper-
t subzero tem-
proratares, funcd will remain tn suspended ani-

at e reduces funmus prowtl,

e,

Low_Terperature and Shock and Vibration,

Low

Low Temperature and Ozone, Ozone efiects
are reduced al Iower temperatures, bul ozone
concentration increases with lower temper-
atures.

Rumidity and Low Pressure. Humidity in-
creages lhe elfe-t3 ol low pressure, particular-
ly in relation to ~lectronic or electrical equip-
ment, However, tha actual effectiveness of this
combination is_det¢-mined largely by the tem-
perature of the envircnment,

Humidity and-Salt Spray. High humidity may
dilute the salt concentration, but it has no bear-
ing on the corrosive actlon of the salt.

I temperature (ends to intensily the effects Humidity and Fungus. Humidity helps the
of shock and vibration, It is, however, a con- growth ol Tungus and microurganisms but adds

si-borating <!y at very low temperatures,

2-43
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Humidity and Sand and Dust, Sand and dust Sall Spray and Ozone, These environments l‘-i
have o« natural aflinity for water, and so this have the same combined effect ag humidity and g'.-_-
‘. cnndhination increases deterioration, ozone, &
; Humidity_and Solar Radiation. Humidity in- Sclar Hadiation and Fungus. Because of the Yo
j tensilies the deteriorating elfects of solar ra- reaulting heat {rom solar radiation, this com- <
diation on organic materials, bination gmbably produces the same combined ‘__-
effectas high temperature and fungus., Further, -
Humidity_and_Vibration, 7This combination the ultraviolet in uvnfiltered radiation is an ef- he T
tends to increase the rate of breakdown of elec- fective fungicide, AV
trical material. S
S_Q;ér_ Radiation _and Sand and Dust. It i8 sus- ST O
Humidity_and Shock and Acceleration, The pected that thils comblnation will produce high ‘t~_, .‘:.‘.
poriods of shock and acceleration are consider- temperatures, NNy
ed too short for these envircnments to be affect- w2
; ted by hu:nidity. S_olrar Ragiatlon and Vibration.dUnder vi- ot
| . . : bration conditions, solar radlaticn deterior:zree B by
: Humidi'v anu_T.plosive Atmoesphere. Humi- ) = £
‘ dily nas no elfect on the ignition of an explo- plastics, elastomers, olls, etc,, at a higher rate. .
sive almosphere, but a high humidity will re- R
duce the pressure of an explosion,— ~Sclar Radation afnd Shock or Accelerations, N
: These combinations produce no added effects. S
. Humidily _and_Ogzone. Ozone reacts with - - o
T eaier Actarinrating eltect on plastica. ang Solar Radiation and_Explosive Atmosphere, o
elas.onersthan the additive effects of molsture This f.omblnatlon probably produces no added R
i . . effects. N
¢ and ozune themselves, e -
Y o
Lox Pressure and Sale Spray. This combi- -Solar Radiation and Ozone, This combination s :-.';
nation .s not exprcted to occur., increases the rate of oxldalion of materials. L e
Low _Pressure _and _Solar Radiation, This - _ ’ R
comoinaerion adds Lotng to the overall effects, Fungus_and Ozane. Fungus is destroyed by o
ozone, T
Low Pressure arcd Fungus. This combination - - e
adds g to the overall effects. Sand _and Dust and Vibration. Vibration YR
might possibly Increase the wearing effects of L e e
Low !’ressure and Sand and Dust, This com- sand and dust, - -,—-}3; .
bination can unly occur in extreme storms dur- D
ing which small dust particles zare carried to Shock and Vibration. This combination pro- N
high alttudes, duces no added effects. S ’_‘:_.
A ) . ) , . R 4
Lo Freesure and Vibration. This combina- Vibration and Acceleration. This combina- RN
tion intensiies e..ectsin all equipment catego- tion produces Increased ellects when encounter- ST
rics, but mostly wad electronic and electrical ed with high temperatures and low pressures in e ARD
cquipment, the hyper environment ranges, BT
Low Pressare _and Shock, or Acceleration, - o 'LU':
These combinahions enly beccm.."‘ important at Muitipie Combinations, The resulta of one Q:
the hyper environmental levels, in combination evaluation program /79/ suggest that *the fol- v
with high temporaiur o, lowing environmental combinations produce es- ;
Low_ Pressvee and_ Explosive Atmosphere, sentially the saine effects as all of the environ- ?'_'_
At Tow pressures, an electrical discharge Is wient pairs described above: P
casier Uy dovelop, but the explosive atmosphere [
. is haracs Lo ignite, l : P Transportation and Operation Environments "« Tk
(e
falt Serpy and Fungus, This is considered 1. Vibration P
an mcorger e Gombinalion, @
Temperature extremes (cycling and N
Salt € ray_and Sand and Dust, This will have shock e
the saroe conpoaned erfect as hamidity and sand N
and du-t. Humidlity : )
Altitude o
Salt ~prav_and Vibration, This will have the o
St ol d e iioct as humidity ond vibration, 2. Shock
Salt_Spraw and =hock or_Acceleration. These Tenperature extra2mes '7‘
combrearns !l penhdude ro added effects, 7
3, Acceleration b
Salt spray _avd Explosive Atmosphere. This e
is conciverotanaineomypatible combination, Temperature extreiros 3
"~
3-49 ®
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4. Explosive atmosphere
(2) Temperature
(b) Altitude

\c) Air-fuel mixture

Ground Handling Environments

1. Humidity ext. emes {cycling)
Temperature extremes (cycling)
Sunshine and/or rain

2, Sand and dust
Hich tammperature
Solar radiation

Low humidity

ENVIRONMENTAL EFFECTS ON HUMANS

Altlinih the weapon system itseld may be
property desimed to withstand the various en-
vironments, it may otill fail to perform its mis-
sion i e enviponments prevent the operaiors
from dainy their job, The system, then, must
be hurran-cr smceread  This section presents a
summery of thie important environmental effects
onhumang, such as noise, acceleration, weight-
legsness, temperature and humidity, raciation
anu gonvrul piysical comdort, The material
presaed is merely intended to iniroduce the
problems that wxst, More detailed information
Is covercd m retarences 51, 82, 83/,

Naizge

Coun measurements are usudlly given in
decitels {db), Typical sound levels generated
liy =uch sources as jet engines, traffic and fac-
tories are viven in "The Handbook of Noise
Megsurcenient,” published by Genea il Radio Co.,

Cambrod-o) Mass,

It = ditticudt 1o judee the effects of noise on
human<, cance the offects are generally related
to the muntal sltitude of the individual and his
previous exposure 1o various noises. However
noisce may have one or all of the following ef -
feets ona persan:

1. 1t may only annoy him,
2. It may disturh his gleep.

—

=" 8, It may loterfers with his ability to hear.
This 18 called masking.

4, It may cause progressive damage to his
hearing, eventually lea to deatness.

Damage to hearing depends upon the intensi-
ty, frequency and durgation of the noise. The
greatest damage {o hearing occurs in the fre-
quency range of 500 to 2006 ¢ps. Sudden damage
may result from the noise of a blast or an ex-
plosion. Gracual damage may result from con-
tinual exposure to noise over a long period, A
steady noise, such as frem an alrcraft engine,
will be less likely to damage hearing than an
impulsive noise, such as {from a pneumatic drill,

Acceleration

The effects of acceleration depend on the
body position relative 10 the dirention of the ac-
celerating force, The efiects of a longitudinal
accelerating force applied against a person
1/;315"}‘ face down or on his back are ag follows:

0 g Weightlessness will occur,
1 g Mormal gravity.

2 g Hands and feet will feel heavy, making
it difficult for a man to walk or c.lim{).

g Walking and climbing will be im-
possible, Crawling will be accomplished with

difficulty. Soft tissues in the body will begin to
sag.

4r  Great difficult
in moving the body.
impossible,

will be encountered
rawling wlll be almost

5¢ Omly slight movements of arms and
head will be possible.

The eflects of accelerations greater than 5
Z's can range from labored breathing and black-
out to structural damage, especially to the
spine,

Higher g-levels have less effect on humansg in
a prone position when the accelerating force is
tranverseto the bodi'. For instance, oniy slight
confusion of the subject will occur, and loss of
consciousness will not take place until a force
of 17 g’'s is reached, Also, no structural dam-
age to the bodyv will take place until an acceler-
ating force of 30 to 45 g’s i8 reached, In gener-
al, a person in a sitting or upright position will
wsobe affected less if the accelerating force ig
transverse rather than longitudinal relatlve to
the body./85, 86/

Certaln J)ost—accelerauon affects, such as
vertigo and nausea, and occasionally rapid in-
voluntary oscillativng of the eycball, will occur,

but these symptoms usuall/ last onfy 2 few mi-
nutes,
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Weightleresness

When a human enters g zero-gravity environ-
ment, he tends to lose his sense of orientation,
For example, be would not know whetlier his
arm ishanging athis sideor stretched out in
front of him. If he wanted to pick up a pencil
he would first have to look at his hand to find
out where .2 1s. Then, wia'cning his hand closely
he waouid puide 1 o the pencd, In the dark, his
senscs could not tell him if he were lylng down
or standing up.

The worst psychological effect of weighlless-
ness micht be felt when the individual is asleep
or trying to sleep. There may be a constant sen-
sationof fallinm o perhaps floating. This might
lcad to =2 dread o f sjiecp and a resultant pattern
of disturbing fantasies, and even panic. Weight-
lesgness cun only be simulated on Earth for
shoit periods, so additional experience i8 nec-
essary to understand more fully the elfects of
weighilessnes=<./85,87,88/

Lo~ Temperature

Low tecimnperatures causce loss of body heat,
resuliine in shivering and tremors, In addition
there may be a reduction of blood flow to the
limbs, which cnuld result in injuries. When ex-
pusure to )ow teroperature follows physical ex-
haustion, the progressive resulte are weakness,

sleep, paralysis ard finally death,

It is not pussiide to state precisely the low
temperoture limit for the performance of var-
ious hriman functieons because this is influeaced
by many variables, However, if the body tem-
rerature is maintained at the normal level, a
bare hand can be kept fairly comfortable for a
foew minutes at a cmnerature of =34 C (=29 F),
A body t.mperature oelow about 21 to 23 C
{70 10 73 +) will cavse death,/3/

B T T & s ara
High T miparatucs and Huamidily

The vonerel coffects of high temperatures,
dependans vpon dewrece and length of exposure,
are ay vhy, Iass of efficiency, weakness, head-
acheg, difoculty in breathinge, nausea, increased
body teinperatire, hieat stroke and convulsions,

Hunudity affecte gweat evaporalion, and so
has a vearmmronthe effects of high temperatures
on twreaps, FPor exaomple, 2 human may endure
a temperature of 125 C (257 F) in a dry atmos-
phere tor cizht niinutes without ill effects.
Howover, if the humidity reaches the point of
saturidiom, o temperature of only 50 C (122 F)
can be cadured o eight minutes without il ef -
fects, #0000

Heat loss can occur by conduction, convect-
iom, rodiation and evaporation of water [rom the
lunus wd suing Conduction plays a very small
part in cooline the bady, as it only occars when

the body is in coniact with a cold ohject, The
heat loss Irom the body surface to air by con-
vectjon is proportional to the difference between
their temperatures. W moving air, the con-
vection erfect increases roughly aa the square
“Toot of the air speed. By radiatiorn, the body
exchanges heat with {ts aurrcundings, such as
_walis, at a rate proportional ta the differcnce
betweenthe fourthpowers of their ahsolute tem-
peratures. However, the radiant surface of the
~human body (s ordy 7C {u 85 percent of tl.e total
surface, or about 14 to 17 aquare feet. Evapor-
atlon contributes to body heat loss to a rapidly
~increasing extent the closer the temperature of
the environment comes to that of the skin, and
the smaller, thereiore, becomes the amouat of
“heat that can be lost by convection and radj=tion.

~~ In alr at or above 95 F (35 C), practicaiiy ail
heatloss of the body is due to evaporation, The
.rate of evaporation is proportional to the dif-
ference in vapor pressure at the skin and of the
surrounding alr, as wall as to the speed of
.movement of the air. To lower the body tem-
perature of an average man by 1 degree C re-
quires the evaporation of about 120 grams of
sweat./90/ -

"Radiation

~ Space vehicles and their crews will be ex-
posed to many types of radiations. Some ot the
more important {ypes are X-rays, steady ul-
traviolet radiation and cosmic radiation, Most
forms of radiation, including solar radiation in
the visible, ultraviolet and soit x-ray region,
do not constitute a hazard, since they can be
stopped or weakened by thin layers of struct-
ural material. However, cusmic radiation has
great penetrating power and can cause radiation

sicknessand other physiological effects./44,91/.

The ill effects caused by various amounts of
cosmic radiation are still undecided, A human
maybe exposed 46 small amiounts of cosmic ra-
diation and not suffer any genetic ill effects,
Fcr example, exposure to 0.3 roentgen (r) per
we:2k or an average dosage of 5 r per year is
considered acceptable for industrial exposure,
However, if a person is exposed io cosmic ra-
diation in excess of theae amounts, various ra-
diation symptoms will appear, dcpending on the
dosage, For example, a dusage of 100 r to 200
r causes hemorrhages, a low white bloodcell
count and livid spots on the skin, Full recovery
may be expected within two months. A dosage
of 200 r to 400 r is severe and requires hospl-
talization of the individual, but a full recovery
ts probable if treatment ig started immediately
after exposure. A dosage of 500 r causes diar-
rhea and fever, and death is almost certain to
takeplacewithin two weeks, A dosage of 2000 r
causes convulsions, tremors, lethargy and a
general lack of coordination. Death i8s certain
to take place within two days after exposure. In
general, 2 person exposed to between 400 and

00 r has a poor change of recovery, (85,92)
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Phy-ical Comfurt

The preceeding paragraphs have indicated
somc o1 the environmental factors involving
human coafort, There are algo factors such as
composition and pressure of the atmosphere
f70d requirements, problemsdue to confinemen
anu isclat’or, unccizfcrtable clothing and nu-
merous others, Tuysical comfort varvies for
different1ndividuals, and each person will react
differently. In general, comiort is a quality that
an individual ig unaware of, until a feeling of
discomfort is introduced. For example, if the
-abin temperalure is 20 C (68 F) a pilot may be
quitc ohlivious to the sound of his breathing;
but if the temperatur? is increased, his former

confort i8 Interrupted becauss of compensating
body changes, and breathing may suddenly be-
come a serlous burden, A complete understand-
ing of the comfort thut must be maintained in a
%asn/ned space vehicle has yet to be determined.

SUMMARY OF ENVIRONMENTAL EFFECTS

A summary of the major environmental ef-
fects {s given in Table 3-27. Most of the effects
covered pertain tu materials, However, many
of the rcsultl oifects on ccmponenis and
equipments can be deduced from the "Typical
Failures Induced” column of the table,

Table 3-27. Summary of Environmental Effects /93/

FEnvironment

Principal effects

Typical failures induced

High temperature Thern 1l aging:
Oxidation

Structural change

Insulation failure;
Alteration of electrical propsrties

Chemical reaction
Softening, melting and sublimation

Viscosity reduction and evaporation

Structural fnilure

Lcss of lubrication propertles

Physical expaneion

Structural fallury,
Increased mechanical stress;
Iucreased wear on moving parts

Tovtonpere re
tion

Ice formation

Finbrittlement

Physical contraction

Increased viscosity and solidifica-~

Loss of lubrication preperties;

Alteration of elecirical properties

-— Loses of. mechanical strength;
Cracking, fracture; :

structural failure;
Increased wear on moving parts

g reintive
hurdit,

Moisture absorption

Swelling, rupturs of contalner;
- Physical breskdown;
Loss of electrical atrength

ncreased conductivity of Ingulators

Tow rejative
humidity

Deslecation:

Embrittlement

Loss of mechanical strength;

Structural collapse;
Alteration of electrical properties,

»
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Chemical reaction: Loss of mechunjcal strength; ’ .'3'
Corrosion o Interference with function; ' . _‘1
Electrolysis Loss of electrical propertlies; i .
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Table 3-27. Summary of Environmental Efiects /93/ (cuntinued)
Enviyonment Principal effecte Typical fallures Induced —‘
High pressure Compression Structural collapse; ' '
- .- Pengiration of sealing;
Interforence with function
N
L pressure Expansion o Fravture of container;
Explosive expansion
Outgassing Alteration of electrical properties;

Reduced dlelectric strength of air

Lous of mechanical strength

Tnaulation breskdown and arcu-ar;
Corons and oxone formatisn

Solar radiation

Actinic and phyaico-chemlc:al
reactions:

Surface deterioration;
Alteration of electrical properties;

Embrittlement Discoloration of Materials;
Ozone formaion
Sard and dnst Abrasion Increased wesar,
Interference with function;
Clogging

Alteration of electricnl propertiee

Sall spray

Chemical reactions:

Corrosion

Electrolysis

Increased wear,

Losr of mechanical sireigtli;
Alteration of electrical properties;
Interference with function

Surface detericrstion;
Structural weakening;
Increaaed conductivity

e ey e

Wind

Yorce applicaticn

Deposition of materials

Heat 1oss (low velocity)

Heat gain (high velocity)

Structural collapse;
Intexference wirh function;
Loss of mechanical strength

Mechanical interference and clogging;
Abrasion accelerated; :
Accelerates low-temperature offects

Accelerates high-temperature effects

Physical stress

Water absorption and immersion

Lrosion

Corrosion

Structural coliapse;
Increane in weight;
Aids heat removal,
Electrical failure,
Structural weakening

Removes protective coatirgs;
Structural weakening;
Surface detorioration

Enhances cheruical reactions
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Table 2-27, Summary of Enviroumental Effocts /0'3/ {oontinued) ;_‘;é‘
- - e -
v Fonvironment Principal effec.s Typical failures induced i ;
- —_— o
E Temperature shock Mochanical strens Biructural collapse or weakening; ;
Beal damage . 2
. .~ spead particier " Heating o Thermal aging; R
(nuclear frradjation) Oxidation !
" Tranzmutation and lonizstion Altoratiop of chemical, physical ;
ond electrical properties, N
Production of gasea and secondary ‘i
pariicles o
ENH
Zero gravity Mechanical stress Interrurtion of gravity-depend: nt ¥
functions . %
Absence of couvection cooling Aggravation of high-temperature ‘ ?
offacta R
¢
Ozong Chemical reactions- - Rapid axidation; *l
4 ]
Crazing, cracking Alteration of electrical propertics; NS B!
R
Embrittiement Loss of mechanica] strergth; "f' !'. .
- - 3,_{: ,r:' Y
Granulation Interferencs with function ; ;
=
Reduced dielectric strength of alr Insulation broakdown and arcoves i :."-
b — :-?;Z L‘ .(j..
Voapdosive Scvere mechanical stress Rupture and oracking; ixL o
decompr anfon Structural collapse S f .l
i ssuei dod gises Chemical reactions; - Alteration of phystcal and eluctrical M -
Contamdnation preperties s i ,.'
- = . po
Reduced dielactrie strength Inmulation breakdown and ercover X ; e
. - I Al
Acclegal on Mechanical stress -— Structural collapse ‘ “,k -[:\
‘ Vibration Mechanical stress Loss of mechanical strength; DT
' LR
— Litorfererce with function; o En ’;f:'_
b O
= Increased wear . E’. )
Iy
e o
Fatigue - Structural collapae ' } '
- " 3 — o g
Magnetic (eldg Induced mzgnetization Interference with function; ke f:_
B I
Alteretion of electrical properties; : "’
U
Induced heatlng ' F ﬁ\
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Chart 1. Vibration Environment At Varlous Locationa on Turboprop Transports (cor nued)
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Chart 1. Vik-ation Environmeat At Various Looatinng on Turboprop Transporta (continued)
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Chart 1. Vibration Environment At Various Locationa on Turboprop Transports (continued)

AICAATT TI7R:  TVRA PEOP TRARTTETE WA M1LIMT AWTE @ EREYS OO ST
_ (Sramy 1) L e ) —
(WTEIN WPEMET RN OF oI P}
Py D CYCLIN/SET
-
Mhae [ [ [ ane]tae] 10 ma |28 e ol .| A | e | wen] e | 3w ] sobe} wice | s | @00= | 2000 [ 1300- ] 2480
__‘__I_IMUIAIHH”"&H”MI”MI' [1,] | | uw) R e
n ~ -
—{ —{-
[} » - -~ .
k] L]
o] 4
(R K
1|
w e 1 ~ =
win
T v
w L1 INY b 1
wl | 1
w!l i1 >t ) ] - R .
7 1ifal vl als]ly 1 F ’
(3 1 1{4]L L] $ U
- 1 far | al (]
K 1 LE K 141 u
Te [} ” » - Al 1
33} NLITERY njrle| n
1 LA Miar (i | o
[yt ] 1) K] ajy (12 | . 1
3] Ll 2jr)mie Jes)w 1D | e
na 2 WYy "l 1 s ] 2 b} b3
s Al || T A IR AN
»a 3 2 |Ls ] ) L) 3 ] ”
159 1 LA K] [ n o
Ecad 373 ' - 1 jus
b T)w n |ue 1
ny 1 ol %% 1% Iy .
134 31 PRI -] » ” 3
- (3K} » 1 s
1 3 ”n . r m
I ¢ ||| 1
¥4 14 ) LN 13
1% LEETE Y 1
] TV CREZRE)
1 3
1 1
) 1
H BT 1
DAt Be B BES SP s it S ] R |2l [ | |8 |y m e | 1 ] “.
]
k
.
b
c.
[
L
‘
r
"
"
"
»
Ta
Y
- '\'
" .-
.
~
', L
v _:'.1
;N n.q
3
-
'5
"
"
h“
.3
1
'
>
"
1
o
Y
hl
n oo N
3.58 Q}
f
v
- -~ M




B . . ———. e = R O . a

! Chart 2. Vibration Envirunment At Various Locations on Jet Bombers
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Chart 2, "Vib, ation Environinent” At Yarious Locatioqs on Jet lombers (continued)
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Chart 2, Vibration Envirunment At Varlous Locations on Jet Bombors (continuod)
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Chart 2. Vibration Envirenmnent At Various Locations on Jet Bombers {contirnued)
ATROIAFT T
(ST ErET WD (7 ASCLLEMTICN ML)
RO T ALY Oa
ot . g g e e :
=l - |11 u?]rn. n-. M \HL 00— - | pao- 1400
w | vl o] Al e vl U] ] e
L) .
) Iy
2 ?
+] 3
n |n
3 [
» | o0 .
L Bl
slm v 1
L] n
o© | »w 1]
huill LA i I .
nfe ala 1] 1
niw b 3 1 3 » 3
” |- 113 || 2 [
n -] ? E) b3 . Ll ?
w | e v mlslel2 »”
1% § ain n a] s 1 »
| TR n 2 ] w
x| s Ju » 2l s| 2|
2t 7 [0 AR RINIRIKIE] 3 1
m }»’ 3 Y ? i - 1 1 e AR I U] Hi
ot B0 g Gu -
1 ] . » 3 * 1l 3| ar | om] m n 1 Y
s 1] yrfsfslslulululn » 1Y I
2 n sls|l sy @ef10] w100 1m0 " 1 2
i ) 2 aim|W)ler| w|iv Yl 2 b} 1
e wfpals|als]rafnnjusfinm 7] v 2| » i
b —
) 1 1 1 A AR R Y [s) n A i 1
] . 3 ? 2 09| 7| maiuy ] ™ 0 -3 ]
1|2 BRAEIE IR w( (x| of w] 3| 2
] r{sirtaiulwe|@ln wl e, wlw| sl | »
u| ¢l w | i) i alp|n
1] e AR 14 ma| ma]| o>y ) Mol 56 | @
1 slu|ufoe o | oy | wrfnolus I n
oimiwm|mjir|nr s 2
nlw|a w| o maonrlasde |2} o3
O 3R B RE
-
o T sjwmim (% | H
= A fxlw
IS5 LR Y
17 nin
1 | 3
o o
L s e halmiinlo [w ar R
LXIT DY /8 Kre KoMy OWTI) RSTRERT 1 M) ASTR O MORIE
(army 111] )
{T S NPT MR CF MCOMRITIO PLKY)
i T pemewct B CTILG/ O
Tin|a- oo | o | wo- | e | 1yee.
l:a o| B -)‘1 ] Wy ] | L 1

Yy
) 2 1
RSN
RERE
' 1 |
Y
wisl1ta
ulejye
- ot
B L] T 1
viuwjyjia
LN €|
oot s 1
(2] . L Al 1 4 )
LB LR 1
wlalrimtaly 13
- s jus vy 1|y
8] v 4 ? * ) ')
A i [y ) 13 »
» L) 4 {y . LR
»» 1 ’ blel I REY
n 1 i LR ‘fu
» J pisfafrje]y
) R EARALBE
3] at slm 2
1 sl s[m|n s
- A|nilew ?
IR 1 | . n
- dMial) )
n LR R 1
“ 1

R
s

Tl
S T

e

.r-




Chart 2, Vibration Environment At Various Looations on Jet Bombers (continued)
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: Cpart 2. Vibration Fnvironment At Varioua Locationa on Jet Rombers (coniinued) U e
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Chart 2, Vibratlon Environment At Variouse Locations on Jet Bombers {cuntinued)
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Canart 2. Vibration Environment At Various Locations on Jet Bombers (continued)
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Chart 3. Vibration Environment At Various Locations on Century Jot Fi
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Chart 3. Vibration favironment At Various Localions on Century Jet Fighters (continued)
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Chart 3. Vibration Environment At Various Locations on Century Jet Fighters (continucd)
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Chart 3.

Vil.ration Environment At Various Lucations on Century Jet Fighters (continved)

ATCWPY TV crrwmy AT P 0NN ol Baw
(wrmy ¥)

{bma B}

(ETRIS MBAVINAYY DISENR OF ACCRLARMAYIGA PRalS)

PYRMCY T CTT L WA

l_

L O o

aras. D
Frm)- T 4)
o weag

Lall

e ron 5
A
Lo
th

B et e L0
Y54

Faow awas |

l-l
z

2

:Ei.f."!.:

- flw &-l)-&p-n—.-lmuhuo-wm)b-us-um“
s e[m ] 7 ] Wl ) owmoun ) ww) mel gl sl am il um
e
e o
[ R
4 S
41:
—
] 1
12 ] 3] s t
AEREIE]
iy |2 1
11 | sty 1] LB
v apristoe 1 wln
l s 0l )6 Vs |
13 [ Y[ 2 iar |

L3 alw 27 | & ‘l

s b ajar W | M| o \

T T3 W -5 S ]

1 mlylr|u ] alnn] o
plw]lai ¢ m| n] M
»inirinli@inln 11
(Y] v |l K|

(NIBEERE. 2R ] i
] ) ] 0

e AWy |w

slnjw|wilu | o

1] 9]l aAals |

_“)’ n

L. ]

T | »

Mn Jo |9 e 81 k] k] jam W e ]n

AT TITL CERTWY SIT rRNTERS AR AGOLY NAETIR RO AdFY B PUMED a0

P (ham ®)

(ECIE RN (YASY OF LLEMTIR mr

PRMLARCY B TLIAAMIS

|

(LRI 7 1]

oF AL gra)

LA ST N
Ly e
er .6 w2
oM. apge

R

rra
o
rreem
ey

A

Fous raw =
I} i

w5 82

1

n--n-n-»-n-m»]m-m—wm—:n—»—-um-w
Nl sy &l o wl v el il ae] ]l oml apl el ] el U
A4 _J.J
——a -
— — -
[
1 i M
1] ef 2
1 3l
lQ\\
1|} s [ Y 1
HHHEEHE
4
st o) e 3] ?
IR IANIBIIN RN R
. g e Ol e
IR AR ENE )
Y am|y (& | A 1]
i) vy e oxp o3l a
HHNHHEBHE
IS IERE] ]
-_-J_.r.-_ _{. —]
vl fafy el s LY
yijam nlw|y [ [}
*on 7] &} 9 4
% || nlw}w rr
iMooy )
B e I o S -
Wiw|w] 1 1| x
nlH . W ’ t 3
(Y R U B ) (R
—J —J LB} '.
e _.v._l d '—‘,_.
1
-l—l_~-«_4-_4--—4——4.-14_4-_4._‘
synjnimimimimiaisinln s o[




v . 4 ; e e—e . -
— - - .
L
A
- — v l‘
(23
Y
art 3. Vihration Environment At Various Locations on Century Jet Fightersg (continued)
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Chart 3. Vibration Environment At Varfous Locutions .n Cantury Jet Fighters (continued)
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' Chart 3, Vibration Environment At Various Locations on Century Jet Fightexs (continued)
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Chart 4. Vibration Environment At Various Locations on Helicopters (continucd)
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Chart 4. Vibraiion Eavironment At Various Locations on helicopters (continued)
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Chart 4, Vibration Environmant At Various Lovations ea Helicopters (continued)

ASRCRAFY TR NLLTCKFTER WA GOt WIS 9 BLIGETE GCTHR . i BOMO Phakad BTN
{omer 1) - cam
o ) —
(ST SFNeEr? SN @ ACELEMTTN FN)
—~— ARt I C1CLIR/ XS
=t '
W“'-!-"-0~u-&m&&w&‘n—mb—mhﬂ--nmw—-&u‘mw%
4 w1l wl o wil o w oael wl ] owl oaw] ] xeel mel 3 0l aw] @] Yw] W] W) sl M
3 1
2 1
& 3 1
13 o] 4| 2] 2} 2
n sl ual v 9] 2| 2
- : il 2l 7] 1 1
3 sl & 9 3 F 3
- Al 3f ol m 3 ] ol 12l o am W}
Ll ¥l & af u) ul & ol A i o
Nl 13 1 IR A A T LY ¥
“w 2| 3] el 1 L
) ) a3l 2| é ﬁu- f I
[ IR EIRUESE 3
" 1 & sl oW 1
0 i s | o
E U o o 4
It roal s ) 1
o o 3
- - S
u 37 3
w 1§ LY
2 3 1
- 3 n P 11
i ™ CEEIEEN
3 i N
— 1
ool
4
Tasmreaslar | | il njM e W nu e T v 3 1 |




TR O ey

- * TR LR 0N TETET

o

(%

1C.

11.

12,

T T A AT e iU T TR N A RETUPRIE D WA LY
» -—
REFERENCES

Trewartha, G. T., An Introduction to Cli- 13. Barblere, Robert E. and Wayne Hall,

mate, McGraw-Hill Book Co., 1954. Elecironic Designers Shock and Vibration
] Guide for Airborne Applicatigns, WADC

Grimm, J. R., Effect of Desert Environ- TR 58-363, ASTIA Document No. AD 204~

meni_on__B-47B Aircraft 9(,??%"53_0!“ artment 095, RCA Service Company, Contract No.

Trmperatures, WADC TH WCS -13, AF 33(616)-3257, U,S. Air Force, ASD,

U. =7 Air Torce, ASD, Wright-Patterson Wright- Patterson Air Force Base, Chio,

Air Force Base, Ohic, October 1953. December 1958,

Riley, Frank, C. Jr., and Paul F. Walker, -

Temperature_Criteria for Aircraft and 14. DOD Guided Migsile Packaging Handbook,

Airborne_Equipmeni, ~Booz, Allen and -~ RD 218,73, duly 1905,

Hamillon, WADC TN 55--98, Contract No.

AF 23 (616)-2089, U.S8. Alr Force, ASD, 15. Roahm, J. M., Paper No. 52-SA-41, pre-

Wright-Patterson Alr Force Base, Ohio, ~ sented at memi-annual meeting of Amer-

June 1025, fcan Socicty of Mechanical Engiwecrs,

Cincinnati, Ohio, 15 June 1952.

Greathouse, Glenn A, and Carl J. Wessel, -

Deterioration of Materials, Reinhold Pub- 6. R

s : . ogers, O. R. and R. F. Cook, Environ-

Iishing Corporation, 19§4- - menb:;l ;%s%ec%of Sonic Fatlgu;i. WA%C

Elecironic Components Handbock, Vols, TN 57-58, ASTIA Document No. AD 118C-

T3 and 3 McGras-THT Book Co., 1957. 72, U.S. Alr Force, ASD, Wright-Patter-

- ~ son Air Force Base, Ohio, February 1957.

Abstract of ]Effoct of Temperzture on L

Guidcd Missile Systems, Booz, Alien and 17. Eidred, Kenneth M.and Demos T.Kyrazis

Hamilton, AF TR 53-124, U.S. Air Force, 1/Lt., USAF. Nolse Characteristics of

ASD, Wright-Patterson Air Force Base, Air_Force Turbojet Aircraft WADC TN

Ohio, June 1953. _ _ 56-780, AGTIA Document Nc. AD110680,

Hopkinson, K., "Effects of Ambient Tem - Aero Medical Laboratory, U.S. Alr Force,

pnrpature on Electron Tubes,"” IRE_ Trans- ASD, Wright-Patterson Air Force Base,

actions on Reliability and Quality Control, —- Uhlo, December 19¥56.

July 18EG,

. 18. Crede, Charles E, and Edward J. Lunney,
DiTaranto, R. A and J. 4. Lamb, Dre- - Establishment of Vibration and Shock Tests
tinindry tavestlga ol typer knviron or_Missile Electronics as Derived from
ments_and Methods of Simulation, Radio the Measured Environment, WADC TR 56-
Corporatior, of America, WADC Tit 81- = 503, ASTIA Document No. 118133, Elec-
456, Dart 1, ASTIA Document No. AD- tronic Components Laboratory, Contract
142002, U. S. Air Force, ASD, Wright- = No. AF 33(616)-2188, Task No. 41772,
Pailzrs0: Air Force Base, Ohio, July Project No. 4148, ud. Air Force, ASD
1957, - Wright-Pattersou Alr Force Base, Ohlo, 1
C. Gazley, Jr., W. W. Keliogg ard E. H. December 1956,

Vestine, Space Vehicle Environment, Re-

port P-1335, the Rand Corporation, Santa 19. Cievenson, Sherman A. and George W.

ATAUJUAAN SR NLIAT SRR IRy OV UMY AvduUa Br(oksy COnslderationB Of vlbratioH !'___m_
vironments InSpace & Flight Systems, pa-

Bershader, D., '"Laboratory Studies of i

ol i > 9 per presented at annual meeting of Insti-

]rglls_s llle R\oclntre’l /lxegf)—'{lherln;odﬂnam!ts, tute of Environmental Sclences, LJs An-

1 doumal, Vol 5, No. 11, November geles, California, 6, 7, 8, April 1960.

Huglund, 1. and Dr. J. Thale, Recove 20. Jacobson, R. H., Yibration and Shock

Gom_a Satellitic_Qrbit, paper presenf% Evaluation_of A“M@V"JL&Q&

af semi-anumal meecting of American ponent Parts and Equipments, WADC TR

Racket Society, Los Angeles, California 56-30T, Armour Hesearch Fouudativn,

9. 12 Junc 1958, ! Contract No. AF 33(616)-233, Electric
Components Laboratory, U.S. Alr Force,

Svl}rqulcr, Fred E., Edward E. Towe, ASD, Wright-Patterson Air Force Dase,

Phillip H. Lake and Robert L. Wuxlerman, Ohio, Necember 1956.

Stwdy _of _ _Bguipment Couling  Systzms,

Actonautical TAccessorics  Laborafory,

WADC TR 59-253, Contract No. AF 33 21. Abstract of Effects of Vibration, Shock

(H16)-5784, Task Nn. 61221, Project No.
K8(15-6146), U.S. Air Force, ASD, Wright-
Pattereon Air Foree Base, Ohio, Novem-
ber 1959,

and Acceleratlon on Gulded Missile Syls-
tems, o0z, en an amilton,
Technical Report 53-124, Appendix D,
June 1953,

3-79

Ly et I

-y

PSR 'x‘r;;z

AN

e
\2R 3

r"_‘ v

¥

.

e,

Pt A 4
c‘”

'Re
A

2

"o N

S

»
S a
'

A ¢

P

= ¥ r_»
R

-t

B
I g

S

L]
*

o

T
SR



ey,

[TTEENEER, Y I Ry Y e

(1%}
[

(33
[

24.

25.

26,

21,

28.

29.

30.

3.

KERQY

Br R T Wt

REFERENCES (continued)

Riley, and btaul T'. Walker,
M.isture Criterin for Alrcraft and Alrs
borne Equipment, WADC TN 55-97, Booz
Alien and Hamilton, Contract No. AF
33(616)-2689, Project No. 1111, U11.S. Air
Tnice, ASD, Wrizht-Patierson Air Force
Base, Ghio, June 1255.

Ahstract of Effect of Moisture on Cuided
Missile Systems, Booz, Allen and Ham-
ilton, AF Technical Report 53-124, Ap-
pendix B, June 1953.

Henney, Keith and Craig Walsh, Elec~
tronic_ Components Handbook Vol. T,
McG:aw-Hill Book Co., Inc., 1957.

. Frank,

Maron, William, Temperature-Humid-
ity Tests, United States Testing {Com-
pany. Inc., fer Signal Corps Engineerin
Laboratories, Contract No. DA-36-03
SC-54088, File No. 218-PH-54-91 (3430),
1 July 1954 - 30 June 1957.

Henncy, Keith and Craig Walsh, Elec-
troniv Handbook, Vol. Z,

McGraw-Hili 00k Co., Inc., 1958,

Henney, Keith, Craig Walsh and Harry

Mil~nf, Electronic Components, Hand-
book. Yol. 3, McGraw-Hill Book Cv.,
Inc., 1Y54.

Arthur, Gilbert Jr., Hail as a_ Fitight
Hazard, Environmental Criteria Branch,
Dircclorate of Laboratories, U. S. Air
Furce, ASD, Wright-Patterson Air Force

Base, Ohio, 22 April 1959.

Jailer, Robert W., Potential Aircraft
Iring Probabilitios in the Northern Hem-
weher o WADC TR 56-659, ASTIA
Document  No. AD 110676, American
Power Jet Company, Contract No. AF
33(616)-2605, Pruject No. 1111, U.S,
Air Force, ASD, Wright-Patterson Air- -
Frece Base, Ohio, Nuvember 1956.

Psuly, James, The Dust Environment -
and_ Ms  Effect _on Dust_Penetration,
WADRC TR 56-556. ASTIA Document No.

AD1101472, SouthwesT Research Institute,

Contiect No. AF 32(616)-3280, Project

No. 1111, Task 11115, U. S. Air Force,

ASD, Wricht-Patterson Air Force Base,
Onio.

Clower, J. 1., "Oil Tilters
Utility Fleet Operation”, SAE_Journal.
Vol. 41, No. 2. September 1937,

Eavee, J. R,
Air Cleaners™,

“"Graphical Selector for

Vol. 50, No. 7, July 1953.

1.

Abstract of Fffects of Sard and Dust on ...

Curied _Missile  Systems, DBooz, Allen
and Hannlton, AF Technical Report 53-
124, Appendix F, June 1953, .

TONTT TR S TN ) e v e

in Public

Healing and  Ventilat-

34.

36.

31.

38.

39.

40.

41,

42.

Riley, F. C., Jr. and P. F, Walker, At
mospheric _Pressure Criteria for Air-

craft and  Alrborne Equipment, Booz, .

Allen and Hamilton, WADC TN 55-98,
Directorate of Laboratories, Contract

No. AF 33(616)-2689, Project No. 1111,
U. 8. Air ¥orce, ASD, Wright-Patterson
Air Force Base, Ohio, June 1955.

L.opatin, I. ard H. Mileaf, Deslgn Fac-
tors for Aircraft Electropic Equipment,
Technical Writing Service, McGraw-Hill
Book Company, WADC TR 56-148, ASTIA
Document llo. AD 142204, Aerial Recon-
naissance Laboratory, Contract No. AF
30(635)-2844, U. S. Air Force, 4SD,
Wright-Patterson Air Force Euse, Qriy,
December 1856.

Abstract of Effects of Atmospheric
Pressures_on Guided Miss.le Sysfems,
Appendix_©, Booz, Allen and Hamilton,
AF TR 53-124, U. S. Air Forre, ASD,
Wright-Patterson Air Force Base, Ohlo,
1 June 1853.

Riley, F.C., Jr. and P. F, Walker, At-
mospheric Contaminant, Radiaiion, and
EIec%ricIfy Criteria_ for Alrcraft_and
Airborne Equipment, Booz, Allen and
Hamilton,  WADC TN £5-118, ASTIA
Document No. AD92498, Directorate of
Laboratories, Contract No. AF 33(615)-
2689, Project No. 1111, U, S. Air Force,
ASD, Wright-Patterson Air TForce Base,
Ohio, June 1955.

Babicz, D. J., Determining the Effect of
Pressure, Humidily, Temperature, Fuel/
Air Ratio on the Explosiveness of the
Atmosphere, Inland Tcsting Laboratories,
Division of Cook Electric Company, WADC
TR 56-5, ASTIA Document No. AD 90043,
Directorate of Development, Contract No.
AY¥ 33(616)v~26'91,‘Pr2j¢‘3ct 1111,‘ U.S. Air
roree, [\_DU, WEIgI-rauerson aill ruree
Base, Ohio, December 1955,

Abstract of Effects of Atmosphoric
Pressurc_on_CGuided  Missile Sysfems,
Appendix G, Booz, Allen, and Hamilton,
AF TR 53-124, U.S. Air Force, ASD,
Wright-Patterson Air Force Base, Ohio,
1 June 1953.

Saletan, -D. 1.,
ards",
1959.

Merrill,” G., Missile Engineering Hand-
book, D. Van Nostrand Company, Inc.,
Princeton, N. J., 1958,

Singer, S. F., The Effect of Meteoric
Particles_on _a Satellite, Universiti' of
Maryland, Physics Department, Collepe
Park, Maryland, Physics Department
Technical Report No. 41, ASTIA No. AD
102634, May 1956.

"Static Electricity Haz-
Chemical Engineering, 1 June

e N W R S T NN A B g~ v = ey

.- -r w e B m

T“

s.4 R [V .
DT I U R VY

WSl A SR 2



1"

o bR

RRaCE TRV O ™ P e

T

' "‘m Y AT e

coeETr T A R AR A WA E TR N Ripiiie b  F A e

4

Hoenig, &, A., "Meteoric Dust Erosion
Problem and its Effect on the Earth
Satellite,” Acronautical Engineering Re-
view, July 1957,

Srace_Handbook:  Astronautics and its
Applications, Staff Report of the Select
Comnmuttee on Astronautics and Space
Cxplarvation, U.8. Government Printing
Cifice, Washington, D. €., December
1958,

McCor T.M., The Hyper Environments
aud theis Siguificance, Northrop Corpo-
ration.

Dravner, A. H.,
and Trunsistors,"
3:24-27, July 1958,

"Cosmic-Ray Lffecis
Military FElectronics,

Rroadway, N. J., M. A. Youtz, M. L.
Zaring and S. Palinchak, The Effects
of Nuclear Radiciion on Elastomeric and
Plastic_Materials, REIC Roport No. 3,
ASTIA Document No. AD 145552, The

Radiatinn  Effects Information Center,
I’!ttrlle Wemorial Ianstitute, Columbus
] JREY ROV, T W PN AT NANNfC1CY _Earre
i, [§] 1)( Contract No. AT 32 VIV =2 Lid,

Task No
May 1958.

60001, Project No. 2133, 31

Broadway, N. J. and S. Palinchak, The
Eifect of huclear Radiation on rlasto~
meric and Plasiic Materials, First Ad -
dendum, REIC Report No. 37Addendum),
ASTIA De-ument No. AD 210759, Bat-
telle Memoria' Institute, Columbus 1,
Ohio, 31 May 1959.

ileins nith, G., "Nuclear Radiation Ei-
feets  on Materials,” ASTM _ Bulletin
Sentemter 1908,

Leininger, R. 1., The ILffect of Nuclear
Radiation _on_ Hugr_lp_.nmd ted _Elastomers
In_Inficrent Euvironments, REIC Mem-
oramdum  No. 1, The Rachation Effects
Infarmation Center, Battelle Memaorial
[nstitute, Columbus 1, Ohio, Contract
Noo AF 33(616)-5171. Project No. 2133,
Task Nou. 60001, 31 October 1957,

Proadway, N, J. and 8. Palinchak, Th-
Uf'(l of _Nuclear Radiation _on Fluor-
o

Alvmiers, REIC Memorandum No. 17,
Hn Padiation Effects Information Cen-
ter, Padtelle Memorial Institute, Colum-
o 1o Ol Contract No. AF 33(616)
=056, Continuation of AF 33(616)-5171,
':.lsi. No. 60001, Pruject No. 2133, 30
RV A

REFERENCES (continrad)

Javitz, A. E., "Impact of High-Energy
Radiation on Dielectrics,” Electrical

Manufacturing, June 1855,

Broadway, N. J., The Effects of Nuclear
Radiation on Metallo-Organic Compounds
and on Polyethylene, REIC Memorandum

. ﬁﬁiiﬁon Effects Information
Center, Battelle Memorial Institute,
Columbus 1, Ohlo, Contract No. AF 33
(616)-5171 J’mject No. 2133, Task No.
60001, 15 February 1958,

Wyant, R.'E., The_Effect of M, clcar
Radiation __on _ Organic_Heat-Tronster
Materials, REIC Memoranduni 13, Ra-
diation Ef[evta Information Center, Bat-
telle Memnrial Institute, Columbus 1,
Ohio, 28 February 1959.

Allen, B.C., A. K. Wolff, A. R. Elsea
an%ll:i D. Fmst The Iiffect of Nuclear
adiation t!u tural Metais, REIC
Report No. 5 ASTIA Document Mo, AD
157170, The Radiation Effects Infor-
mation’ Center, Battelle Memorial Insti-
tute, Columbus 1, Ohio, Contract No.
AF 33(616)-5171, Task No. 60001, Pro-
ject No. 2133, 31 May 1958.

Riley, W. C., W. G. Copping and W. H,
Duckworth, The Effect of Nuclear Ra-
diation on Glasg, REIC Memorandum
No. 8, The Radiation Effects Informaticn
Center, Battelle Memorial Institute,
Columbus 1, Ohio, Contract No. AF 33
(616)-5171, Task No. 60001, Project No.
2133, 30 November 1958,

Wieder, H. H., Performance of _Solid
State Materials and Devices Subject to

a Nucloar Bodintisn i =11 NAVAND
ayuCiTar AQGadaSn £ oUR, A Fa S 20

Report 374, ASTIA Document No. AD
1434€7, ucqe"rch Department, U. 8.
Naval Ordnance Laboralory, C(orona,
California, 6 August 1957,

Reid, F. J. and J. W. Moody, The Eftect
f Nuclear Radiation_on Magnetic Ma-
terials, REIC Memorandum No. 12, The
Radiation Effects Information Center,
Battelle Memorial Institute, Columbus 1,
Ohio, Contract No. AF 33(616)-5171,
Project No. 2133, Task No. 60001, 31
December 1958,

Moody, J. W., The Effect of Nuclear Ra-
diation on Electrlcl Insulatin~  Mate-
rials, REIC Memorandumn No. 14, Ra-
diation Effects Information Center, Bat-
telle Memorial Institute, Columbus 1,
Ohio, 31 March 1959,

3-81




SURMREI IR LR - Y e G RRERL ) s

REFERENCES (continued) i
. 1 .
“ 60. Lamale, G. E. and P. Schall, Electrical 63. Cosgrove. S. L., The Effect of Nuclear : ‘b
Imu\.ym in Ine ,\Jlat‘_n_ili_)L)osed__};_La'_IisL—_ Radiation on Lubricants and H draulu " ; .
clear Environment, REIC Memorandum Fluids (Firsl” Addenduin), RE Report {7
No. 2,  Radiation Effects Information No- 4 (Addendum), ASTIA Document No, -
Center, Battelle Memorial Instituate, AD 210760, The Radiation Effects In- i
Jouunbus 1, Ohio, Contract No. AF formation Center, Battelle Memorial : ’
33(616)-5171, Prolcet No. 2133, Task Institute, Columbus 1, Ohlg, Contract
No. 60001, 15 January 1958. No. AF 33(66€)-5171, 'Task No. 60001, !

31 March 1959, .
61. Harsen, J. F., Effect of Nuclear Radia- 70 Hillembrand, L.J., Th . f L
tion on Electronic__Transformers and . la';‘mﬂxz;?:lr;atlon o H’;‘Hf‘of‘fﬁ:); OFul:lL: .
T iq) - - clear I Sy o
Iransformer Materiass, WEIC Memo: REIC Memorandem No. 11, The Radia- "
andum No. 7, The Radiation Effects In tion Effects Inf ti C t Battel] .
formation Center, Battelle Memorial Mon 1§JC 1 urir{na 8“1 nilr;er'i a gie
Insti ute, (‘nlux;nhu‘; 1, Ohio, Contract C:r!\?:;ct NOnSAFu3e3’(61€)uﬁl7lis "‘1'"91*13’
o, A7 33(616)-5171, Task No. 60001, . =5171, wazsic Mo
Project No. 2133, 30 November 1958. Soouls Project No. 2133, 30 Mavembes
1958, L
62. Hansen, J. F., S. F. Vairrisoa and W. L. ' .
Hood. The Effect of Nugclear Radiation 71. Surosky, A. E.,, D. A. Hll and J. 8. di
ou_Flecironic _Components and Systems, Rende=i GraVJ Zero Gravity_-l-}?‘r.vxrom )
RiZIC Report No. 2, ASTiA Document No. }nc?ttat Cog%ﬂtﬂ;m. pe per, D}e !vpre% 2t o
AD 149551, The Radiation Effects In- nsillute ci wnvironment kngmeers Lon- i
formation Center, Rattelle Memorial vention in Chicago, April 1959, ’
- wstitute 0o bus rio, tract Y
}3(;" tf\lit}‘“/(;‘()l,?\r?s)r;l 11’) 'Sec(: N%or\21i3§ 72. Handbook of Geophysics, Geophysics Re~ '
. JaLlhy , N - , ) o - :
Task No.60001, 31 December 1957. search Directorate,” Air TForce Cam- ‘ R
! bridge Research Center, ARDC, U.S. Air : ;1-, 9
3. Dvoral, H. R, “Radiation Environ- Force, 1957. R AS, |
"3)",'{';5’ Space Aeronautics, December 73. Leary, F., "Commuuications of the Fu- sl
Y ture,”" Electronics, 3 July 1959. "
4. Rubmmn C. C., "Nuclear Eff(—-cts on - o ot -.: - v BV Al B ]
Eleclronic Cumpuuuu:, Electi n.cd . Buchelm, R, W. Haorrick, Vae- i .
Marwiacturing, August 1956. tiue and A, G. Wllmn, "Some Aspects l ;
- o { Astrgvautics,” IRE_Transactions _on I
£5.  Flfects of Jonizing Radialion on_Certain 2 . ! iy IO
MMer el Svmman?m{chp_o_xii Military Electronics, December 1958, B B
ASTIA )()('umcnt No. AD 4 5 1€ - 3 = " i " LR
- ity - 75. Swerling, P., "Space Commurications : e
Sarah Mellon Scaife Radiation L?be.:\— RRE Tra’usaétions on_Miiitary Electro,n- ~

tory, University of Pittshurgh, Pitts-
purph, Yernsylvania, Contract No. DA ~

15-108-CML-3429, Project No. 4-12-30- 78
002, March 1954. '

]
R

ics, December 1958,

McCoy, T. M., The Hyper Euvirgnmeants
~ and their Significance, Northrop Corpo-

R 2 2t PP

Yt

IS PO }- S E-e

Hhi yroadway, N. J. and S. Palinchak, The ration. NS
FEtfects of Nuclear Radiation on_Seals, A
T 77. Arthur, Gllbert F., Investigation of the AN
(]’ shels a~gnd SIC,"“OY{QSA }fElC F];}C":m‘;n' : Concurrence of Natural Envirpnmeutal [ S
P wo. '¢ Radiation Effects In- Elements, Environmental Criteria Branch, R
nlvnlhnn r“_‘!l',[‘!"' L‘&“_{’”,C Mr}_morml n Illtllll jt'xvu!,'y l/lvnnnn ll ‘r r\u .- [
Institute, Columbus 1, Ohio, Contract - Fo%‘;?c, /iSDg \ilr;ght—Paltersmn Air Fores o
Nog. AT 33(616)-5171, Task No. 60001, Base, Ohlo ,Octobcr 1957 PR
- Project No. 2133, 30 November 1958, o ' : .-:4_
7. Schioeder, M. C., ’Ihg_hﬂgg s of p_zg 7 78. Humplreys, W.J., Ways of Wealher, 1944, B
¢lear Radiation un Hoses and Coupli Lancaster, Pa., pp. 295-296. iyt
RE lC "Memorandum No. 13, The Ra . , . N T
tion “ffects Infor ,,nt,o., Centcr, Baltvllc 79. Devewopment of‘___(,mnunecl Envirgnment S I
Memorial Institute, Columbus 1, Ohio, ?‘ alfication_ 'I‘E’”M P{'o'ril)m 2'107‘ I/l‘” B
Contract No. AF 33(616)-5171, Task Nee— orce Equipment, Monthly Progress Re-
66001, Project Mo, 2(133 )31 Marvch 1959. port 11T, 'gU'f'" A Stales Testing Co., Inc., - !._,.
. Contrdct AF 33 (616)-6315, U. 5. Air S
v, Cosviove, 8. L., The Effect of N Nuc__g‘_;_ Fource, ASD, Wright- Pdltt_lb()ll Air Force 3 o
Fadiation on Lu);_x_l_(_gﬂtq and Hydraulic Base, Ohjo. F :w
1Thuide, REIC Report No. 4, ASTIA Doc-~ ~ b
ument No. AD 154432, The Radiation Ef- 80. Combincd Enviroomental Testing Bosed ? N
fects Information (f!‘nlcx, Batelle Men - upon_Lopdstic _and Missign CTharacler- -
orial lastitute, Columbus 1, Ohiu, Con- Istice of Wedpon Systeins, Tell Alreridt R
troct No. AF 33(616)-5171, Task No. Corporation, Report No. 9020-11-001, , )
GOOOT, Project No. 2133, 30 Aprid 1958 Hovewber 1957. o

=
¥

I
VLA
-t
Y
G4

LYY
LI
¥ ..
2 Y 'i' TEL '.~

!’f’lll'ﬂfn‘* -t 1
-~y iyl




Ay 6

emag

e e

YO TRC R -

JRERE PRSI T EPE S L VIR PR

——

b3 AL

.,

KW

83.

AORET TSP Y U Sy ST P g 2
WFT,‘ L i

ritook _of | Instructions  for  Afrcraft
Designers T0IAD) Volumes 1, 11 and 1IT,
ARDCM 301, U 8. Alr Force, Wright
Pattersen Air Force Base, Ohio.

Handhook  of  Tnstructions  { _r__(irgg?-\%
Equipment_Desighers (HIGEI‘}S, AR
80-5, U. 8. air Force, Wright-Patterson
Alr Force Base, Ohlo.

Handbook of Instructions for Alrcrait
Ground _Support _Equipment _Designersg
ITIAGSET). ARDEMIG 6, U.ST Alr Force,

rohl Piilerson Alr Force Base, Ohio.

Rosenhlith, W. A. and K. A. Stevens,
Hardbook of Acoustic Noise Control,
Volume I, Noise¢ and Man, Bolt, Beranek
and Newmau, WADC TR 52-2-4, ASTIA
Document No. AD 18260, Aero Medical
Laboratory. Contract No. AF 33(038)-
20572, RDC No, 695-63, U. 8. Air Force,
ASD, Wright-Patterson Air Force Dase,
Ohio, June 1953,

Dole, S. . Internal FEuvironment of
Munned Space Vehicles, RAND Corpo-
ration Report P-13009, 1700 Main Sireet,

Santic Monica, California, 24 Fcbruary
1958.
Bowlurant, 3., N. ¥, Clarke, W. G.

Blanchard, 1. Miller, R. R. Hessberg
and E. P. Hial., Human _Tolerance {o
some_of _the Accelerations Anticipated
in_ epace  Fliyht, WADC 113 50-156,
ASTIA Document No. AD151172, Acro

Moedical Laboratory, Project No. 7216,
s AEPIS T I 71719 R ol Al Tha— A Ty
PN L A I I S e Ve s 4222 ity N,

Wripht- Tatterson Air Force Dase, Ohilo,
April 1858,

. ¢..‘.,w.-.‘.g,ﬁ.-ﬁ;":' B

REFERENCES (coniinved)

87.

89,

91.

92.

93,

3chock, G. J. D, Sensary Ranctions Re-
lated rtp___V%gl htlessness and Thelr Im -
lications to ace hi, AFMIXT TH
%3-6. KSTW&mmeni No. AD 135012,
Aercmadical }ield Lehoratory, Direci-
orate of "Research and Developmert
Project No. 7851, U. 8. Air Forcy,
AFMDC, Holloman Air Force Base, New
Mexico, Apvil 1958,

Gerathewohl, 8. J., "Medical Problems
in Space, The Peculiar State of Wejght-
lessness," Instructors Journal, ASTIA
Document No. AD 150052, Publisked by
the Air Training Command, Alr Univar-
sity, USAF School of Aviation Medicine,
Randolph Fleld, Texas, August 1953,

ggussaly, B. A.G and others, Human
siolo; ‘McGraw-ifill Book Com-
sany Il Edition, New York City, N.Y.

1855,

Schueller, Qtto, Spzce Environment Fa-
cility for Life Supporl Systems, Aero-
gpacc Medical EEBroratory, Wright-Pat-
terson Air Force Base, Oujo, January
1060.

Brown, W. 8., Jr., Physioiggical Hazard
of Non-lunizl Radiation, ASTIA Doc-
umeni No. 7&1% TI0URT, i.ockheed Alr-
craft Corporation, Burbank, Caliloruia,
26 August 1952.

Coparett, G. W., Acceleration of Aginy
by lonizing Radiation, ASTIA Tocumenl
133226, Atomic Energy Proi::ct, P.O.
Bux 287, Station 4, Rochester 20, New York
Contract W-7401-eng-49, 20 June 1957.

McGee, John and Chester Polak, The
Development of Standard Environmental
Test _Specimens, WADC TR 59-697,
Inland Testing Laboratories Division,
Contract No. aF 33(018j-6118, U. S Air
Force, ASD, Wright-Paiterson Air Force
Base, QOhio, October 1959,

."-:.". . DK °
8, Y N WY B
p :

F el L AN
-
.4

Ciee.

v
)

v)a

Pl St

, -t.' e

»

-

.- P
_."l "l""

O N AN
Tt i

<
-

-~




! R S B

BIBLIOGRAPHY

Acouctical Terminology {Including Mechanical
Shock ;nl_('_i;VJ_ll)_"_;_ntlr)n\, merican Standards Asg-

sociation, appmvcaf‘?‘ﬁ May 1960,

An¥ aluationof the Psychological Problem of

Crey Coloction Tclative lo the Special Hazards
ol _Irradiation Saposure, ASTIA ﬁom"fi:
NEDPA Mcedical :&]dvisory Panel, Subcommittee
No., 9, Washington, D,C, 22 July 1949,

Anderson K.G, H.B.Mcrrell, and J.M. Durin-
hen, Acrod: namlc Heating and Heat Transfer
I'henornena al Mach Numbers 3to 4, Rosemount
Tiscarch Center of the University of Minnesola,
AF TR 58 ). ASTIA Document No. AD #363%
WAD Egquipment. Laboralory, Contract No, AF
43(028)-10673, Project No. 13€7, Task No,
61294, U.S. Alr Force, ASD, Wright-Patierson

Alr Furce Base, Ghio, December 1951, -

Aulerman, L, W, and F,J. Reid, Egg’r%}: Levels

Produced _in_Semiconductors by High- nergy
e -

Radiation, HEIC Memorandum No. 4,

diation Bffects information Center, Battelle

Memorial Institute, Columbug 1, Ohio, 15 July -~

1058,

Aukerman, L, W, The Effect of Nuclear Ra- .

diation on Scl_plr;_qzxdumclur Materiads (Flrst Ad-

dendumy, #RIC eport No, 1 (Addendum) ASTIA

Document No. AD 210758, The Radiation Effects ---

S e 1 ne e
lifurination Cunder, BDattclic Memorial instilute,

Corambus 1, Obio, 31 March 1959,

Bakananckas, S., Resistance of Microorganisma -~

to_High Vacuung, WADC TN 59-142, Matertals
Liboratory, Project No, 7312, U. 8. Air Fource,

ASD, Wright-Patterson Alr Force Base, Ohlo,

April 1953,

Beheeng, W, V.o and J. M. Shaull, "The Effect ™

of Shert uraclon Neutron Radiation on Semi-

eonductor Devices, "Proceedings of the IRE,

March 1058,

Borks, W, 1, Temperature and Thermzl Strea-
ses in Missile :f
Aviation Ine, Report Mo, "AL-1022 ASTIA Do

ament Nu, AD 60729, March 1954,

Jopp, €. Doand O, Sigman, Radigtion Stabluty -~

ol Plastics_and Elastomery, Supplement to
CIMNLIYY, T 3T T, AL 25395, 18 Febyuary
1034,

Cicemty, Jamet M, and Robert W, Jaller, A
Micsem-Gricntou Analysiy of Ajrcraft Icing -
A0 Foaxtension of _Mf-lhu({r')l(; ~ TWADC TIUS7-60,
AFTIA Trorancad Ho. AT 113018, Amvrican Po.
wer Jet Company, Contruct b&u, Al 33616)
-2600, Project Noo 1ill, U, S. Alr Force, ASD,
Writht-Patterson Ajr Foree Base, Qhjo,

Conference on Badiation Cataracts and Neatron
Frivcos, Natemad Research Counctl, Divieon of
Miedeal Sacnces for ithe U, S, Atomic Energy

of Sclentes
STIA No, ab

Comtnmssgion,  National Academ
b, Washinpton, D, C,,
Ao 17 Debraary 1950,

RIR}

tructures, Norih Anmierican ™™

Curtia, H., Effects of the Primary Cosmic Ri.-
diation on Matter, AFCRC-TN-56-200, Air
Force Surveys In Geophysica No. 78, Atmos-
pheric Physics Laboratory, Geophysics Re-
search Directorate, Air Force Cambridge Re-
search Center, Bedford, Massachusetts, Jan-
uary 1956,

DeCoursin, D, G., W, G,., Bradfield, and J.J.
Sheppard, Aercdynamic 'Heatlng 2and Heat
Transfer Phernomena at Mach vumbers 2,7
through 5,7, Rgemount Rescarch Center of the

niveralty of Minnesota, WADC TR 53-378,
ASTIDocument No. AD 87274, WADC Eruipment
Laboratory, Contract No. AF 33(038)~10E%3,
Project No. 1367, U, 8. Air Force, ASD, Wpisht,
Patterson Air Force Base, Ohlo, February 1504,

Drennan, J. E, and S. E. Harrieon, The Effect
of Nuclear Radiation on Semiconductor Diodes,
REIC Memorandum No. ‘he Radlation Effects
Information Center, Battelle Memorial Institute
Columbus 1, Ohlo, Contract No. AF 33(¢16}
-5171, Task No. 60001, Project No. 2133, 31
December 1958,

Edelman, S., E, Jones, E. R, Smith, B, D, Sim-
mons and R, C, Braunberg, Sell-Noise of Pro-
E,Qii_gg, Nativnal Bureau of Standards, NDS

roject 0001-20~3527, NBS e
Document No, 46770, July 1954,

Gordoun, W.E,, "Ineoherant Scattering of Radio
Waves ,‘Py lFree FElectrons with Applications to
Space Fxploration by Radar," Proceedings of
the IRE, November 1058, — o

g_uride Manual of Coollng Methods for Electronic
Equlpment, Naveldps 900,180, Bureau of Ships,
Ravy Dcpartment, Washington 25, D, C., For
Sale hy Supt. of Documents, U. 8, Government

Printing Offize, Washington 25, D. C.. Price
$2.09, 31 March 1955,

Hansgen, ¥. C., "Some Characteriatica of the
Upper Atmosphere Pertaming to }Zz'gervelculty
F lgh‘cp" Jet Propulsiun, Volums 27, Nuniboer
11, 1957, o

Hassler,K, E., J, I, Hannen and E, VM, Wylor,
The Etfect of Nyclear Badistion en Lrangistgis,
REIC Meinordndum Ho, 5, The Tadiation Effects
Information Centeor, Battelle Memorial lnsmuku(
Columhas 1, Ohlo, Contraci. No. AF 33(610,
~5171, Task No, 60001, Yroject No, 2133, 30
Novambov 1958,

Hausnex, H, H, and H,C, Friedemann, Ellec) of
Irradiation _on Soiids }__I._Lll)h()jir_nmly:?\.‘inﬁ
Wu, ADBE0Z, Atomlc Encrpy Dlvision, Sylvania
Electric Products lnc., Bayside, Now York,

b L ol
{7 Va2

rt 3465, ASTIA

il Ty

.
B
-
Ty
%
3
o
,
r.
.
.
& ".
SR
i '
| e
) -
:
A
o
v.:flf,
i
v
__"v
8 A
.
B i
- .l‘
L
v
R
V



£i

T PR N
1 - . T 1’;;".;‘;. ;;‘ ﬂ':

-y

BIBLICGRAPHY (coutinued)

‘Hess, R, E. andR, F, Badertachier, The Effact
of Nuclear, Radiatlon ou the Performance ol a
Hydraulie Flight -Control System, RiIC Memo-
randum No, 18, The Radiation Eftects Inform-
ation Center, Battelle Memorial Insiitute, Cn-
irathus 1, Ohio, Contract No. AF 33(818)-Gud¢,
Continuacon of Af 32(616)-5173, Task No.
60001, Project No, 2133, 15 June 1959,

Hess, Robert W,, Robert W, Frak!cl and Harvey
H. Hubbard, Studizs_of Structurwd Fallur: Due

{0 Acuusling Loading. National Advicery Coia-

eronautice, Tachnical Mote 4050,

mittee for
July 1957,

Hibbs, A, R,, The Teompcrature of an Orbitiny
Missile, ASTIA Locument No. AD 92240, Jet
Propuleton Laboratory of the Califurunis Instituts
of Technology, ORDCIT Project, Contract No,
DA-04-495-Ord 12, Department of the Array,
Ordnance Corps, March 1929,

Jailer, Robert W, and James M, Ciceottl, Alr-
crait Dyeration in lcing Weatier, WADC TN b5-
2¢i. ASTIA Document No. 80236, The American
Dewer Jet Comipany, Contract No, AF 33(618) -
2605, Project Noo 114, U. & Alr Foree, ASD,
wright-Fatterson Aiv Force Fase, Ohio, June
1055,

Johuson, E, 1., Literature Survey onthe Effects
of Radigting on gievtron 1Tube Materials, ASTIA
Document Noo AD 134855, The Army Signal
sapply Ageney, Sicvens Institute of Technolopy,
Hobeken M. .0, DA Project Mo, 3-09-13-000,
SC Fryject No, 112B, 1 February 1955,

Krefiner, J. and €, F, Jenking, Flight Acpects
of the Mountain Wave, Alr Force Suveys In Geo-
phiysics No. 35 7AFCRC TH $3-36, ASTIA Doc-
ument Mo, AT 2497, Atmospueric Analysis
Latayeatory, Gu.physics Reacarch Birectorate,
Atr Torvce Carabridpe Regsenrch Center, Cam-
bridee, Mass., April 1953,

Lape, Roy 1, Ravmond , Stutzman and Norman
LoWanl, A Srady of the Rain Erosion of Plastica
ard Mot WADCTI R385, ARTIA Document
Wo, 7, dornell Acerunautical Laboratory,
Contract Neo AF 33(600)-648%, Yroject No,
T340 U. S. Ar Foree, ASD, Wrighi-Patierson
Adr Vorce Basc. Ohio, May 1950,

I azearo, €.V and A, L, Long, "Efllect of High
Intensite Radinbion on Electronte Parts und
Maerioss,” Electrical Manuwfdeturing, Septem-
w100 H, ) )

Pomtloont, R Pooand W, I, Rivera, Probleras
Wiich Avise Imriog Freipeering kvaluafion of
Ioianon Bflects on QOrganic Materials, Con-

orpu-

v, A T Dwon of Geneed Bynamics
ration, bovih Worth, Teasas,

Sok of the_Burtyl Rescarch_Foundation of ihe
Frankhia lustituie, Contract 1du, NG ori-144d

La-h Order 1= NIV 0262021, Office of Naval
Hesearah, 30 Septembor 14955,

Mandeville, C, E., Fifth Annual Report of the

Mannogian, H. A., "The Challenge uf Space,"
Electronicy 24 April 1858,

"Materials, Effect of Radlation or Metala,"
Nucleonice, September 1958,

Newtor, Wailuee &, ani Constantine G, Mak-
rides, Eifec: of Climate and Environmeni oy
% pound Sunport Eguipment, Corvey Engineering

"ompan ﬁ;SIF Contraci Mo, 33(616)-2278
WADD TR 54-132, ASTIA Document No. AL

38100, U. 8. Alr Force, ASD, Wright-Patieraon
Alr Force Baag, Chlo, fday 1854,

Osmanski, Joseph T,, ixperimental Ynve.ti a-
tion tn Corralate the Racurvenceof Fatiaon Fail-
ures in & Typical Alcralk Siructuce With Vit
tory Amplltude, WADC TR 58551, 23174 Docu-
mienl Wo, AD 110462, Cook Electriz Company,
Contract Nuraber AF 35(616)-2532, Projact No,
1370, U, S5, Air Force, ALD, Wricht-Patterson
Alr Foree Base, Qtilo, March 1958,

Oxzidation of Matecials at High Temperatures
Minslle 'lv;elwmm?fdv!slmln of Torh Amer-.
ican Avlaticn Inz,, Contract «F23(600)-28489,
fhass;‘("im Document No, AD 147907, Seplember

Pigg,J. C.and C, C, Robingon, "Eifect of Ra-
diaticn on Semlconductors,” Eloctrica Wan-
vfacturing, April 1857,

Powell, Alan, Tne Problem of Structural Fall-
ure Due to Jet Nolse, Department of Aero-
asutical Engineering, Unlverstty of Suathampton,
ASTIA Document No, 115755, March 1835,

Reich, B. and G. E. Pavilk, A Survey of the
Nucleay Radiation Effects on Semiconducior
Materizls gnd Devices, U, T, Arimy Taclarical
tviemorandum No, M-1902, June 1957,

Reld, F.J,, 7, W. Moody ac 1 R, K. Wiilardaon,
Tne Effcct of Nuclear I dlation o Scrmi-
conductor Materials, IREIC Report No. 1, ASTIA
Document No, AD 147398, The Radiation Effects
Inforration Center, Battelle Memorial Ingtitute,
Columbus 1, Ohlo, Contract No. AF 33(616)-

- U171, Project Neo, 2153, Twesk No, 60001, 20

v

v

December 18597,

Schotose, W, ¥, Explogion-Procl Teat friteria
for Recnnnatasance Bgalpioent, Part 14, WADC
TWRTARY, TASTIA "Dociiment o, AL 20607%,
Acvrial Pecoanalgsance Labmratory, Directorats
of Laboraztorios, Project 1111, Task 11115,
U. 8. Alr Furce, ASD, Wright-Pattrrecn A-v
Force Base, Ohlo,"Movember 10338,

Schmtdt, C, M_ and A. J, Harawail, "Skin

© Temperatures of a Satellfte,' Jet Propulsion,

Vel, 37 No, 10, October 1957,
3-85

RS z . . il
T FI RN “'c‘-.‘ : ey SR
-1 ‘! : “r JY' Ta T -'o' t o _'
i‘I-. o g

S

A

P M

.

' d
4

&
A

hY

;)?'x‘_

-~

oy

r
17
W,

2T

P
*

L]
'\{'




= LTS TS N LW TR T Ay

BIBLIOGRAPH (continued)

Simith, W, W., Natural Weathetilnguand Ir;dxcir
Open shell Storape haxposure Testing o r
l'iit(_'iiinbr,i.c__ld alerids, WADC TR 58-502,
ASTIA Document No. AD 210226, Materlals
Laboratory, Contract No. AF 3:f(600)-34695,
ProjectNe, 7312, U. S, Air-Force, ASD, Wright-- -
Pattersun Atr Force Dase, Ohlo, March 1959,

Stephens, E.D. and K. M, Fuechsel, The Aero---
dynamc Heating Problem, Technical Note WCRR
52-215, ASTIA Document No. AD 27650, WADC
Aeronauticel Research Laboratory, U. S, Alr ~
Force, ASD, Wright-I'atterson Afir Force Base,

Ohio, June {953. —
vS,udving Radiation Fifects,"” Electronics, 1
June 1959, - ~

Stuetzer, O., G. Wehner, G. Whitnah and J.
Nash, Re ults of Studies on the Effects of Im-

Tobias, C, A,, H, C, Mel and D, G, Simmons,
A Summary of the Berkeley Conference on Bio-
oglcal Eftects of Cosmic R y%an Acgceleraled
Heavy lons, ASTIA No. IS 156693, University,
of Civmomi Radiatlon Laboratory, Berklely

Califoraia,
March 19858,

Van Allen, J- A,, "Geomagnetically Trapped,
Corpuscular Radiation," Journal of Eeoghyslcs
Research, November 1959,

Wwelsh, J. T, and T. J. Walsh, Handbook ¢
Methods of Cooling Alx Fofcy Grounn it Stgiis
15 uipment, RA TR 58-126, ASTLIA Document
o, 8907, Rome Alr Develapment Center,
ARDC, U. 8. Ailr Force, Griffise Al. Torce
Base, New York, June 105b,

V/hite, C.S., Temperature and Humjdity, Con-
vair Ag’romeaxc ong t's Report, ASTIA

ontract No, W-7405-sng-48, 10

pactinn_w _Small_Particles on Bodies Moving at
lypersonic Speed, Research Department, Me-
hanical Division of General Mills, Inc., 20603
I:, Henneply Avenue, Minneapolis 13, Minnesota
17 June 1358,

Surosky, A.E."The Nuclear Jungle," Enyis
ronmental Quarterly, July 1956,

Techniguey for Annlicationof Electronic Com-
;)%ncnt Jarls_in Military Equipment, WADC TR
]

=1, Volume ITTAS cument No, AD
142275, Volume il ASTIA Document No., Al
208651, Electronic

Components Laboratnrz,
Contract Ne, A¥ 33(6516)-2815, Project No. 4155, =-
U, S. Air Foree, ASD, Wright-Patterson Alr

Foree Base, Ohio. -

Theiss, E, C., esian Temperature Require-
ments_for Operation of USAF Alrcralt and
Equipment, © .t WOSPE 54-2, WADC Eavirou-
mental Criteria kranch, U. S. Alr Force, AsD,
Wright-Patterson Air Force Base, Ohlo. Maych
1954,

R

Document No, 5
for Medical Education and Research, Albuquer-~
que, N2w Mexico, 28 April 1954.

Wilkinson, R. A,, The Effect of Solar Radiati

on_the Breakin StrenF_ltg' of Outdoor lxposed
WeLbhin Wm&m -201, ASTIA Document
Ne, 2068983, U, 8, Air Force, ASD, Wright-

f;&erson Alr Force Base, Ohiog, November

Woeant BB

QTN e i

The Effect of Nuciear Radiation

ovelace Foundation’

on_Refrigerants IC memorandum™ No, 18,
The—mﬁfﬁﬁhecw Information Center, Bat-
telle Memorial Institute, Columbus 1, Ohilo
Contract No, AF 33(616)-6564, Continuation of
AF 33(616)-51 "l.l T8k No. 60001, Project No,
2233, 30 June 1959,

Wacholder, B. V. and E, Jayer, Critical Envi-
ronments Encountered by Hlgh-Altitude Vehi-
cles, Proceedings ol Institute of Environmental
Sciences, National Mecting,
Callfornfa, 6, 7, 8 April 1960,

Los Angeles,

<aE

5w

&
WS AR A A e -

© ——-as

o
h)

ORI ETENC L 2O AT

N 4

»e

P —
T

SR Pk

-

SIS
Y
X -

=
¢

"

I ET
".:’,-,'-':5'

' I
5

.

&
+
’.

[N
.
(' l'

l'r vﬁ'ﬂ"{ln.\
‘@ T
y LA
L-(')"- - al

y
e
AP

b ol }
o
AT

1}
Pl ¥ oy

-
3

St A
NS

\‘r -‘: .‘- ".

o

r
e

x
x 2
[ T

T
l"U

’,
H

—"1‘}.-"-"'4.
ML
Ay,

TR
P

raa

a7
'."u", L
LI | 1 a3

1 .l‘. -~
» o
LA

2

v R
‘)
Pog it

- . & x =

¥
: @
i

gy
.

B

‘T_":'a Y U(“;'
Sl i S B

RN



i)

Ry

fa

¥

— —— - PR SCmE TR
2 it o 15 O il et S B

T

el e

e A1 S Bt e B it £

o

TYRAT R Y s i AT YRR S AT L

Vi

CHAPTER 4

ENVIRONMENTAL REQUIREMENTS

The nature of the environments, where and
when they orcur, and thelr effects have been co-
vered ‘n prcvious portions of this handboosk, In
this chapter, methods are described for estab~
lishing environmental criteriz for specific sya~
tems and vehicles, These criteria are neces-
sary because the designer or engineer must
have statedlimits in whichto work f he I8 tn do-
sign or develop anything in a practical manner.
He must know the product’s exact purpose, its
size and weight limitations,.and its relisbility
requirements. He must also know exactly what
environments . wiil be subjected to g0 that he
can make sure that the product wiil withetand
them, In effect, estatdished environmental cri-
teria scrv» as a target at which weapon system
design and development teams can aim.

Most uften, environmental requirements are
spelled out for the designer by the environmen--
tal engincering or reliability groups. On the
other bhamd, i the item is not intended for any
specific system, it can be provided with inher-
enl design features for broad application in ac-
cordancewith one of several design guides pub-
lished by the Air Force

Enviroamenwal requirements, then, can be
spelled out in two ways: (1) general environmen
tal requireinents for developmental purposes or

fur subsystems, equipment and components hav~

i zuroad apolications; and (2) specific environ-
mental reguirements for subsystems, equipment
an<l components for a apecific weapon syetem,
Fach of these requires an environmental analy-
sis. The ficst pwust glve conslderation to 21l
possible applications, and makes maximum use
of published ~izndard environmental criteria,
Thednennents giving such criterta are covered
in a later poragraph. -

An aralysis for a broad application need not
be as definitive as thatfor a specific anplication,
but it will be more complete and cover more
environmnents because of its broader scope. In
the broadtype ol ana)ysis, therefore, it {s neces-
saryto analyze the mission profiles of various
tynves of vehiclestodetermine the associated en-
vizonmenls., Pertinent environment values can
then be caleulated or selected {rom applicable

standards, specifications and bulleting to assure __

proper desipnand develupinent and thea test pro-
cedures from such specifications as MIL-E-

PR

-~

-

5272C can be used » determine whether the ve-
hicle and its coraponenta can withstand *ha nro-
Jected environments,

An environmental anzlysis for specitic ve-
hicles requiree s more refined approach, since
more datatls of thevehicle system are known and
definite performance and rellability must be
achieved, For this reason, an environmental
analysis {or g hypothetical weapon system must
be carried out, with the annlysis covering the
fiight vehlcle and its subsystems, equipranis
componenta and matorials for both flight and
ground conditions,

In gpecific caany, it muy be found that tha
gtate-of-the-art nay not allow & dedigy to ex-
tend over the entire range of an environment,
Fur instance, it may be tmpossihie to dasign an
aciuator that will function rellably from 65 F to
1400 F becansenoone soaling compound will per«
form satisfactorily overthis tempeorature rvange,
Under tnip clrcumstance, there 18 2 tendency to
favor the high temperature regulrement, Thls
could ke a wistake, though, stuce for many ve-
hiclen and misslions, the low temperature re-
quirement may bo of equal or greater importance.
kor example, a great number of tests under arc-
tic conditions greleilures because of the fallure
¢ mneals,

Where there-ig a doubt concerning the signi-
ficance of any vsalue, an opergtional analysis
should be pericrmed o determine the signifi-
cance and validity of that value, A operationzl
analysis might show, for exaiaple, that evou
though t‘he vehicie skin temperafure wiil reach
1406 F, ingsulating chucacleristics of the alr-
frame will drop this leraperalure to 909 F, or

with additional insulation, to 800 F in the vi-

cinity of the actuator. It is posseible slsn, that
by changing the locatioa of the actuator or by
using auxiliary cooling equipraent the tempera-
ture near the actuator might be reduced con-
siderably, Furthermore, an operational analy-
sia might show that thy sjeeds, sititudes and du.
rationg of flight required to produce such skin
temperatures would occur very Inficguently, or
that the period during which auch teroperaturcs
would exlst would bLe exiremely short, On tha
other hand, the duration of low femperature ron-
ditiong might be lengthy, su that from a prectl-
cal standpoint they would k¢ more detrimental
than the high temperatures.
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Operational analysts is actually o part of the
overall environmental analysis but 18 suifllclent -
Iy important to deserve separate attention, pa) -
aoularly in doubtful or comtroversial areas.

SPECIFICATIONS AND STANDARDS

There are :ry periodicals, books and re-
ports wrailable that cover wme subject of envi-
ronmental requir¢ments, Much ot the data are
available in this handboolk and in the reference
and bibliography 1ists located at the end of each
chapter. The most important documents con-
taining military environmental criter{a are listed
inTable 4-1, Documents containing general re-
quirements are included in the table, as well ag
those covering speciflic regulrements. Sorme of
tie most useful documente of a specific nature
are described in the following paragraphs.

The ARDC Model Atmosphere, 1059

This document provides detalled information
on arevised model atmosphere, The revigionis
basedon datu obtatned frum satellite and rocket
measurements which indicated the neceasity for
changing theupper atmosphere values contalned
in the ARDC Model Atmosphere, 1856. In addi-
tion, values of the following factors have been
computed te an altitude of 2,320,000 feet {or 700
kilometers):iemperaturs, pressure, deasity, mo-
lecular weight, acceleration of gravity, specific
welght, scale height, number density, particle
speed, collisfon frequency and mean free path,
Because the digaoclation of oxyygen and niirogen
complicates calculation, values of the following
factors are llmited to an altitude of 295,000 feet
(or 90 kllometers):. speed of sound, roetiicieni
of viscosity, kirnematic viscosily aad therms)
conductivity. '

Table 4-1, Air Yorce Policy Documents -- Handbouka, 3pecifications, Standards, anc Teports

Identification Title _[ Date
General )
g e s —— - - -4 .
Hy ARDC Ducwaend Policiea and Prucedurea Governing Approval of Air 1 Aug 1952 .
Force Equipment ]
ARDCM 401 Hardhook of Instcuntions for Afrcraft Deatgners, 1 July 1855 .
Volumes I, I, 10 (:{IAD) a
ARDCHM BU-5 Handbook of Ingtructions for Gyround Equipment Designera May 1955 A
(HIGED) E
ARDCN 80-6 Handhook of Instructions for Ground Support Equipment 15 Aug 1954
Designers (HIGSED) : )
MIL-D-9310B Data for Acronautical Weapon Systems and Support 19 June 1859 ‘ ’ !.. ‘1
Systems . S
. b
MIL-W-u2411A Weapon Systems, Aeronautical, General Specifications for 19 June 18569 . ) 5:_: -
. . Oy
T N
WADL TR 69627 Criterla for Environmental Analysls of Weapon Systems August 1960 -
WADD TR 66-7RS Hyper Environmenta Simulation Part I, Deflnition and canuary 1961 . 4 »
Eifcets of Space Vehicle Environment -- Natural and : 3[, .
Induced .
WALD IR Preliminary Investigation of Interplanctary, Lunar and 1961 B t" ':; ‘W
Nerr Plunet Environmonta and Methods of Simulation .
o
Environmental factors jo X
" oo fuy
AYCRE Handhook Handook of Geophyaicas for Alr Force Designers 1067 o -':\
MiL ST -210A Climatlc Extremes for Military Equipment 2 Aug 1957 ; (
WADU TR DG-456 Preliminary Investgation of Hyper Environments and July 1957 Cy o
- Methods of Simulation, Part I H "
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Bed. 1 .ble 4-1, Air Fore. Polloy Documents -~ Handbouks, Spscifications, Standards, and Reports (continued) :_‘-

&4 it W
LS,‘., rentifteattan Titie l Date A
€ . b ﬁ."'"
Ei Flight vehicles g,
it —_

"ﬁ ANC-22 Dulletin Climatic and Environmental Criteria for Aircraft June 1052
"f.{ Doslgn .
3 B .
lfg MI1~1-1289 Instrumentation of Climatic Test Aircraft, General $0March 1953
by Specification for e
g 3
! USAF Specification Environmental Crlteria for Guided Miaaile Deaign 18 March 1957 x
4 Bulletin 106 o
 kd v
fﬁ USAF Specification Space Environmental Criteria for Aeroapace Vehicles 19606 %
¥ Bullet:,, 222 Lot
WADIM TR 60-627 Criteria for Environmental Analysis of Weapon Augast 1960 P
Systems bl
N
WADND TR 60-785 Hyper Environments Simulation Part I, Definition and January 1961 I g\.
Effects of Space Vehicle Environment -~ Naturai and rng
Induced "
, » ~ - !
'S Alrborne equipment ] F“.‘
AHEL-E-25647 —~| Electranic Equipment, Airborne, General Specification 4 Sepl 1956 : _i
for the Design of -
-
ML -FE-E1LDA(ASG) ~| Electronlc Equipmant, Guided Missiles, General 18 April 1957 LI
Specification for E ;‘:
MIL-F-5400C *1 Electronic Equipment, Aircraft ~ 15 July 195°% . g":
s
h Components - ) ?': )
L . )
MIL-STD-4146 ¥Environmentn]l Requirements for Electronic Component 28 April 1958 L 3::‘\-
| Farts - - A '::
v
MIL-ST1-.J2ZA Test Methor's for klectronic and Electrical Component 24 Oci 1956 " e
Parts . B Z E.(!
, WALC TR 57-1 Electronic Compeonents Handbook, Volumes 1, II, 1T 1 =Jan 1957 e
; | : 1l - Apr 1958 i
; -~ - 10X ~ Jun 1959 cl t
} . L { "v.
;?: v Ground support equipment : v
R - . LN
“ M1 -17-4159A (USAL) Electronic Equipment, Ground, Generil Roguirements 20 July 1955 Y
(i for - ' ~ .

R e
) { - - § 7’ ‘n“':
L MIL-G-008512A (USAF) Ground Support Equipments, General Requirements for 21 Jan 1957 oo
- ~ A
: 33,. USAT Spec Bulletin 115 Lnvircnmental Criteria for Ground Support Equipment 6 July 1955 i :-
! C
* MIL-T- 94GA Test Equipment for Use with Elactronic Equipment, 14 May 1953 - [
n General Spectfication for 7, -_:
‘I .7-.
' r
) Materials C'.(
. o
. - N
! MIL-1-116C Preservation, Methous of 27 Feb 1939 '
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Jdentification _I Ti.le - J Data
2
Test mecthodology o
MU -F-4970 (UEAF) Environmental TeEt.Tng. Ground Support Equipment 3 March 1959
MIL-E-5272C Enrvironmental Tesf{hg, Aeronautical and Assoclated 13 April 1959
Eqiipment
MIL-A=26669 Acoustical Nolse Testa, Aeronautica) and Associated 14 July 1959
Equipmaent )
MIL-T-6422F (ASG) Testing; Environmental, Aircraft Elecironic 11 May 19563
Equipment
MIL-F-26554 Explosion-Proof Test Facilily Requirements and 3 March 1982
Procedures for Reconnaissance Equipment
MIL-STD-20ZA Test Methods jor Electronic and Electrical Component 24 Oct 1956
Parts
MJ71.-S-4456 Shock, Variable Duration, Method and Apparatus for 12 March 1953
L]
Test facilities
MIL-C-797 1A (ASG) Chamber, Altitude, Hurnidity and Temperature Test 5 Oct 1953
MIL-C-8211 {AS%]) Chainber, Nain Testng 10 July 1057
MIL C-9135 Explosion Proof Testing Facility 12 Feb 1954
MIL-C 24364 (ASG) sand apnd Dust Testing Facility 5 May 1855
MIV.-C-9472 Chamber, Fungus Resistance Testing 8 June 1954
MIL-E-26654 Explosion-Proof Test Facllity Requirementa and 3 March 1959
procedures for Reconnalssance Equipment
MIL-58-44%6 shock, Variable Duration, Method and Apparatus for 12 March 1953
WO TR 5T-4h6 Preliminary Irvestigat!zn of Hyper Environments and
Methods of Simulation:
]
Part Il -- Simulation Methods Nov Ju.7
Part Il -~ Proposed Hyper Environmental Facility Jan 1958
WADC TR 60-785 - Hyper Environment Stmulation Fart u, Do-vclopmcnt and 1961
Design of Simulation Facilltiea for Space Vehicle
- Env!ronment - -
WADD TR - Preliminary Investigation of Interplanetary Lunar and 1961
Near Planct Environmants and Methods of Simulation
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Handbook of Geophysics

The UHandbaok of Geophysics for Alr Force
Desipaers” was prepared by Alr Force Cam-
bridge Research Center to present probability
andfrequency tabulations of many aspects of the
patural environments, It is oneoi the most coni-
pivte comrlations of jeophysical data avallable,
and provides factual dala on:

Temperature Surface parameters

(Earth)
Atmospheric pres- Low altitude wave pro-
sure pagation
Atmospheric den-  Visibility
gity
Wind Thermal radiation
Precipitation The Sun
Clouds Cosmic radiation
Atmospheric com- Contrails
position -

Atmospheric elec-
iricity

Atmospheric explora-
tory devices

Acoustic propagation in
the atmosphere

Geonmagnetism

Other ARDC Handbooks

The Air Research and Development Command
has made available a series of handbooks that
provide a centrul scarce of design data for engi-
necers. These handbooks contain general re-
quirements above the level of the specification
requirentents, and give the background data and
basis for the requirements, Also included are
explanations, recommendations, nonmandatory
puidance and re.atod data. The handbooks are
acwally a zeries of instructions for designers
of piloted aircraft, guided missiles, ground
equipment and ground support equipment,

Mijitary Specifications

The actual military specifications that equip-
ment and systems are designed to meet contain
many  environnwatal requirements, MIL-D-
9310 ana M'L-W-9411 (USAF) contain require-
mentsforprime coatractorsto prepare and pre-
gsunt an environmenta analysis of thelr missile
and aircraft weapon systems. MIL-E-4970,
SJIL-E-5272 ana MIL-A-26669 are primarily
test procedure specifications, but they outline
enviror mental requirements for ground support
cpipme tand acronautical and associated equip-
taent, respectively; however, they should not gc
vsedas requirement specifications, Detailed in-
frreation on test prucedures are covered in
¢ haopter 6, MIL-E-5400 and MIL-I-6051 also
include environmental requirements for elec-
tronic equipmentusedprimarily inaireraft. De-
tail speaifications for equipment and components
ync lude environmental requirements pertaining
t thase specific equipments and components,

~—

~—

~

~—

—

-~

Military Standards

A number of military stenderds contain en-
vironmental requiremente and assoclated data
helpful in the design of military equipment.
MIL-STD-210A, for example, gives the probuble
surface extremes of the natural environments to
which miitary equipment migit be expesed, and
establisheguniform limits for normal design re-
quirements, Yt crntains surface extiremes of
temperzature, humidity, precipitaticn, snow loads,
winda, blowing snow, blowing sand, blowing dust
and atmospheric pressure on the earth’s gur-
face, and the probable atmospheric extremes of
temperature, pressure, humidity, winds, speed
of sound, density and viscosity. The data on
ground conditions are supplied for world-i+ide,
short-termstorage, and transit conditions. Hot,
cold, J)ola.r and tropical standard atmosphores
extending to 100,000 feet are includecf For
analysis involving engine and vehicle perfor-
mance computations, or other cases wherea con-
tinugus profile is required, the polar and tropi-
cal atmospheres must ba used, since the hot and
cold atmospheres-are constructed on a level-
by-level buasig, without regard to continuity be-
tween levels, The hot and cold atmospheres are
required in computations nvolving varlations of
temperatures at 2 givea sititude, and are useful
in work involving heat transfer and heating and
cooling of atmospheric vehiclea during flight.

MIL-STD-446 contains projected envirciimen-
tal design requirements for elertronic compo-

nont iarte. Vealuao af limite nsra rfvan fna
..... parig, Valueg of 1imilg afe given I

perature, pressure, humidity, vibration, shock,

towmw
o=

_ explosive atmosphere andnuclear radiation, The

—

requirements are divided into the following
equipment categories,

Group 1 - Ground equipment
Group I - Ground equipment when
electrical stability 18

of prime importance

Group Il - Shipboard amd ground
equipment

Group IV - Equipmeat for aircrafi
and missiles

- Equipment for alrcraft
and shipboard {specla-
lized application

Group VI - Equipment for nuclear-
owered rircraft and
allistic mic Ues

Group VII - Equipment for specialized
application In alrcraft and
migsiles

Group VIII- Nuclear-powered
weapons

Group V

Specification Bulleting

Alr Force Specification Bulletins 106 and 115
presentgeneral information on the ranges of en-
vironments that must be considered In establish-
ing requirements for ground support equlpment
and misslie equipments, respectively.
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Reports

There are many studies being made to gain
mnre knowledge about design criteria. The re~
sulis of thege studies ars made availadle in re-
poris by the varfous service agencles, For ex-
ample, Aeronautical Systems Division (former-
ly V. ~igzht Air bevelopment Divislon) Reports
57-456, 6U-627, and 60 785 present data on hy-
per environments and methods of slmulation
that can bc used ae a basis for estimating fu-
{ure design and test requirements.

ENVIRONMENTAL ANALYSIS

T--n anuveral standpoint, the purpose of en-
vironmental analysis is to present as complete
a picture of the anticipated environments a3 ls
practicable to the system designers, and also to
provide sufficient criteria to permit assurance
that the system design will withstand the envi-
ronmenty, For effective usage of the analysis,
the results must be presented in a logical man-
ner. Basically, the resulting data are supplied
in two caiegories:

1. Environmental design criteria,
2. Ernvironmental test criteria,

Environmental Design Criteria

The environmental desigrn criteria developed
by the weapon system contractor during the en-
vironmental analysis required by specifications
MIL-D-9310 and MIL W-8411 must be supplied
to atlthe system designers and the Air Force,
The designers use the data to design the system
and its parts., The Air Force uses the criteria
to insure ! .at ihe anaiysis I8 correct and com-
plete and that otaer cquipment used in conjunc-
tion with, or as part of, the system will operate
within the same environmental limits, -

The environmental cr.terla supplied must
take int: consideration all conditions that will
b encountered in the life span of the system.
It is best, then, to consider environmerts as
being encountered in separate phases, For ex-
ample, a rc<hicle such as a spaceship must be
launched, traverse the.atmosphere, follow a
S5paCe paih, enter or reenter the atmosphere,
traverse that atmosphere, and be set down, In
addition, both before and zfter flight, the system
and its parts must be transported, stored and
serviced, Each of these phases imnposes a di-
ferent sot of environmentson the system. These
environments must be outlined as clearly, com-
pletely and accurately as possible,

The cnvirconmental analysis will generally be
moreuseful +f (1) the envireninentis are presen-
tedseparately as natural or induced (2) they are
desceribed asto what operational and mechantcal
ctfccts they have, and (3) these data are given
for external environments and compartment en-
vironments,

Envirmnmental Test Criteria

The environmental test criterin, alsode-
veloped by the weapon system contractor during
the cavircnmentsl analysis, should be supplied
tothetest englneer, the test equipment dosigner
and the Air Force. This allows the test engineer
to establigh realistic and accurate test proce-
dures, so that the reliability of the system can
be ascertainzd. The criteria also permit the
test equipment designer to build the equipment
required for testing, when such equipment is
lyushlng the state-of-the-art and adequate faci-

{ties are notavailable. As part o the environ-
mental analysis, this data allows the Air Force
to ensure that the contractor is reflecting the
latest technology, and also permits thy 2!~ Ferce
to note environmental state-of-the-are werk-
nesses and problems and hence allows niviating
research and tnvestigations to overc.ome such
weaknesses and problems,

Method of Environmental Analysis

For the analysis to produce sound results, it
must follow a systematic plan. The following
major steps should be taken:

1, Secure daiz on mission protilee and aiter-
nate mlssion profiles.

2, Outline significant system dgata,
3. Establish environmental criteria,

4. Conduct analysis tests to determine en-
vironmental values not covered by standard en-
vironmental critcria,

5. Prepare an analysis report and environ-
mental test requirements,

MHEMQBMILQ- The mie sion proflile is one
of the most important {actor 8 in making an en-
vironmental analysis. The glttedes ot which the
vehicle must perform, the apceds at which it will
travel, and the flight pathe and regions in which
performancewill be expected all provide the en-
virocnmental engineer with a set of bounduries
wiihin which his angiytlic daia provide a conpicie
environmental definition. The word performance
is used deliberately here, I is not suificient
that the vehicle operate; it must perform ina
pianned masiner to specified limits of env.run-
ment and rellability if it i8 10 be a succest.,

The mlsston may be simple or complex, &
commercial aircrait may be expected to operate
world-wide, but only over established routes,
The militaryvehicle, onthe other hand, will take
many varied routes and encounter disterent en-
vironments, many of which may be extreme,
When the speed at which the vehlcle climbs,
cruises, and descends, and the range of altitudes
at which performance i8 expected are all gpecl-
fled, the area in which the environmental engi-
neer's efforts will be exerted Is ontlined. Alter-
nate mission profiles should also he covered.
Poasible as we!l as expected alternate profilee
should be Included,
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InChanter 2
anvexanmnles of’ how profiles provide an analysis
cant, Ctae gamut o1l profiles must be examined
to determine the concurrence of natural environ-
ments to all locations during the various seasons,
Alse, he activities of thevehicle during its vari-
ous phases of flight, such as launch or tackoff,
«.imb, craige, Janding 2nd reentry, must be ana-
lyzedtodeter.uicc the gereration of induced en-
vironmunts, The entire list of the environments
coverad jn Chapters 2 and 3 must be covered at
cvery point along each profile,

Subsidiary prefiles for the gystem and all its
parts mugt alsa be covered. These include: (1)
ground handling, (2) storage and (3) transporta-
tion, During these profileg, different environ-
ment tvenes ard levels wil be encountered.

System Data, The vehicle system {tself should
b¢ analyzed to deterinine (1) what ¢avironments
will b¢ inducedby the vehicle, and (2) what parts
of the systemare most critical from an enviroi-

mental cffect standpotnt. This can be accom- __

rished by outlining:
1. Thce type of vehicle,
2. The layout of the vehicle,

3. The mcthod of propulsion, and location
andsizeof propulaion unit, (This ghould Incluc
scoondary propulsion devices, such as booster
or retro rockis, and cther devices that have
ac.odynamic etfects, such as drag surfaces or
ejection devices,)

4. The ype of fuel.
5. Environment-generating equipment.
6. Environmuat-sensitive equipment,

7. Compartmentation of vehicle (including in
cacin compartment the location of all environ-
meaatl-vencrating and  environment-gensitive
cquipment),

§. W.ethe: thevehicle will be manned or un-
manned,

Thetype of vebic le, whether a ballistic missile
witiv a thort Life or a satellite or bomber with a
long Hife, will 2stermine the relative importance
of the environmental factors. The layout of the
vehicle, method of propulsion, and size and lo-
cation of propulsion unit will affect the dynamic
characteristics of the vehicle, Nuclear propul-
sion systems  present one type of problem;
hirhly volatile fuels create another, and liquid-
aveven fuels still another. A full understanding
of the characteristics of environment-generating
eqprient s required for the determination ol
the environmentg jndared internally, Relative
location of this equpment with respect to sensi-
tive cpnpment.within the vehicle determines the
difticulty in securing environmental protection,
Heenien occupancey naturally brings abeut a new
foal point for environmental considerations,

typical flight patha are outlined _

I

Environmental Criteria, After compiling as
much data as practicable about the profiles and
the system, the eanvironmental enginecer estab-
lishes environmental criteria for the system, as
re<}:\lred by specifications MIL-w-8411 and
MIL-1-9310, When doing this, he muet examine
the data closely to insure that all ramlfications
and posaibilities are understood. For example
a high-level bomber may .ind application al
lower altitudes, or a space vchicle may have to
glide for a constderanle distance in the atmos-
phere, The analysis must be made as accurately
as cgosslble, and should delineate the facts for
each environment on aghasebasls. For example,
gpecification MIL~D-9310B stipulates that *{the
envirnmental) analyslg ghall cornsider the opera-
tional concept (basic misoione, possibic lmses
of operation, pertormance, etc,) tc determine the
environmental conditions the weapon systuia wiis
encounter in its regimes of operation, such as
extreme temperatures, lonized gases, meteo-
rites, ozone, etc, Further, for the air vehicle,
ita regime of flight will also require considera-
tionot the dynamlic or induced environmenis as-
sociated with flight and operations, such as skin
temperature, internal air pressure, vibration and
noisefleld. It 18 imperative that a complete ex-
terior and interfor analycels, in this regard, be
accomplished 8o that further analysis of tho en-
vironments to which the equipmentsare to be ex-
posed is practical, Standard environmental cri-
teria sh be used where applicable.” As 2x-
plaliiedpreviously, standard environmental cri-
teria can be obtalned from the documents de-
scribed under “"SPECIFICATIONS AND STAN-
DARDS." The t:geat effect, whether operaiional
or eechanical, should alas be indicated, An ex-
ample of an environmental analysis coverage s
shown In Table 4-2Z, These factors should be re-
viewedforthe vehlicle as a whole, for each com-
partment in the vehicle, for each cluse of equip~
ment, and {or component parts which make up
equipments,

Analysis Tests. In many instances, particu~
larlyor the Induced environments, the standard
environmental criteria will not be helpful in es-
tablishing some of the environmental data. This
might be particularly true for cGeriving exact en-
vironment figures for the interiors of separate
compartments and equipments. In such cases,
the criteria must then be determined by caleu-
lation or by empirical methods. Tests may be
made by instrumenting the various equipments
and compartments under simulated con tions,
and measuringthe environments directly, Often
mock-ups can be used; in other cases it must be
recognized that the environments at some loca-
tlons may have to be hypothesized until fuil scale
tests can be conducted,

Test_Report and Requirements, Once all of
the environmental data have been compiled and
analyzed, they must then be documented In re-
port form, This report is necessary for evalu-
ation by the design engineers and the rognizant
military agency. The analysis report should be
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Table 4-2. Examrple of Environmenta! Anzlysis Coverage

Profile analysis

Effect

Flight

Space

Atmos-
phere

Re-
entry

or

Takeofl

launch

Ground
hand-

Land-
i ling

ing

Stor-
ago

Trans-
porta-
tion

Opora~
tional

Me-
chan-
icle

Natural
Albedo
Astervide
Clouds
Cosmic radiation
Density
Dew

Fog

Frost

Fung!

Gases, dissociated
Gases, fonized
Geomagnetiam
Gravity

Hail

Humidity

Ice

Insects
Meteoroids
Ozone
Dollution, air
Vressure, air
ftadn

salt spray

Sand anrd chiat
Sleet

Snow

colar radiation
“pares
Temperalure
Toamuerature shock
Turbulence
Vacuum

Winds nno gusa
Wins sheur

inthuced
Acceleration
Avuustics

Gases, ‘oniz
Magnetic fieldg
Moisture

Nuclear radiadon
skock, menhanical
Temperature
Temperature sheck
Vapor trails
Vibration

Zero gravity

Electricity, atmosphere

Acrcdynamic heating
7

orive atmosphere
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clear,

concise and complete.

Speciic values

shuuld be given in a logical form. The methods
usedtuderiveall values and the reflerences em-
ployed should be explalned. Where lests were
uscdto establish somie criterla, the test descrip-
tion shoald be included.

4.8

The most Lmportanit part of the analysig is the
ereparatlon of the environmental requirements,
alues for each environment must be gltipulated
